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HAVE YOU HAD 


A 
PUBLICATION 
OF VITAL 

INTEREST 
TO ALL 
CONCERNED 
WITH 
BRONZE 


60 pages of informative reading, 
including useful data, tables, etc. 
and fully illustrated, dealing with 

CENTRIFUGALLY CAST, 
CONTINUOUS CAST and 

SHELLCAST bronze materia!s ; 

also FINISHED MACHINED 
components. 


Please write for catalogue H.L. 60, 
stating your business address to :- 


JOHN HOLROYD & CO. LTD., 


P.O. Box No. 24, 
HOLFOS WORKS, 
ROCHDALE, LANCS., ENGLAND. 


Telsphone : Rochdale 3155. 
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PEARSON 


EFRACTORIES 


Reliability under al! condi- 
tions——that's what you want 
from refractories—that's 
what you get from Pearson. 
A hundred yeais of experience 
puts them right in che jead— 
you get unbeatable service 


= J & J. PEARSON LIMITED 
FIREBRICK WORKS - STOUCORIDGE 


Telephone: Brieriey 7720! 


During the past eighteen months 54 Morgan Basin 
Tilters have been installed in modern foundries for 
fast and economical bulk melting of a wide range of 

high quality aluminium or copper based alloys. 


Mn 


MORGAN 


BASIN 
TILTERS 


2k The new BT-1300 takes only 
SO minutes to melt all this 
Aluminium Alloy 
For top quality castings and lowest melting loss, invest 
in the most flexible of all bulk melters. Ask for a 


demonstration, with your own metal if preferred, at 
the Battersea Test Foundry. 


MORGANITE CRUCIBLE LIMITED, NORTON WORKS, WOODBURY LANE, WORCESTER. Telephone: Worcester 26691 Telex: 33191 


A Member of The Morgan Crucible Group. 
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BUT WHOSE? 


There is only one person properly able to judge 
the merits of one electrode against another —the 
user. If, then, you know of someone who has 
bought and tried AGL graphite electrodes, ask 
him. 

He will tell you that their performance is 
excellent; that their taper-threading gives 
stronger joints; that they cut down repair time— 
drastically; and that they are backed by a service 
as quick as it is reliable. 

And if he doesn’t tell you this? Then you 
don’t buy AGL electrodes. That’s all. 


GREAT LAKES CARBON INTERNATIONAL LTD 
140 Park Lane, London, W.1, England. Telephone: Mayfair 5132 


Sole Representative for the U.K. and Western Europe for 
Anglo Great Lakes Corporation Ltd., Newcastie upon Tyne and Great Lakes Carbon Corporation, New York, U.S.A. 


METALLURGIA, June, 1961 


| 
F = { 
= 
i 
= 2 
= = 
= 
= 
= 
= 
= 
=> = 
= 
= 
= 
= 
= — 
= 
= 
= 
= 
= 
= 
= 
= 
| ie 
Z 
é 
3 
‘ 


why 
ACHESON 


oraphite 
electrodes 


You 


“ Acheson” Graphite Electrodes are manufactured from specially selected high grade 


@ * 


raw materials which are carefully processed at all stages of manufacture under controlled 
conditions to give a final electrode for your arc furnaces with these properties at their optimum— 
LOW RESISTANCE 
HIGH MECHANICAL STRENGTH AT OPERATING TEMPERATURES 
EXCEPTIONAL THERMAL SHOCK RESISTANCE 
“ Acheson” Graphite Electrodes are made in the United Kingdom only by 
BRITISH ACHESON ELECTRODES LIMITED of SHEFFIELD. 


ACHESON 


GRAPHITE ELECTRODES 
The term ACHESON is a registered trade mark 
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Manufacturers of . 


haracteristic of British Crafts- 
manship is this handsomely 
worked pistol. Made in the 16th 


Century from steel and wood it 


is a fine example of the work of that period 


and can be seen in the Victoria and Albert 


Museum. 


Britain is proud of her craftsmen ; throughout 
the years their skilled workmanship has earned 
a reputation for Britain that is second to none. 
The historical associations of steel in England 
chronicled through the ages, show how depen- 
dent we have become upon its production. 
Today its manifold uses in industry and every- 
day life have become legion—civilisation itself 
is woven over a framework of iron and steel. 
Hallamshire high grade Alloy and Carbon 
steels are an integral part of Britain’s 


traditional good name. 


ALLOY & SPECIAL CARBON STEELS 
BARS - SHEETS - PLATES - WIRE RODS 


THE HALLAMSHIRE STEEL COMPANY LIMITED 
Telephone: Sheffield 24304 (7 lines) 


SHEFFIELD 3 . ENGLAND 
Telegrams: Hallamsteel Sheffield 
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METALCLAD “EE” BRICKS 


Divided internally by two 
plates placed lengthwise 
This system reduces 
flaking and spalling 
to a minimum 
and can be 
applied toall 
Metalciad 
shapes and 
sizes. 
Covered by 
British Potent No.’s $46,220, 
778,047 and 778,048 


TABHANGER SUSPENSION 


Bricks supplied with a special stainless 
steel tab co-moulded with the brick 
embedded into the surface of the top 
face. By che use of a special cool the 
tab may be bent out at right angles 
to the top face to 
form a hanger. 


Covered by 
British Patent 
No.'s 546,220 
and 749,491 


FERROCLIP SUSPENSION 


This method allows the brick to 
be suspended from the end. The 
Ferroclip hanger slot 
may be moulded into 
any roof or wall shape. 


Covered by 
British Potent 
No.’s 546,220 
and 600,630 


Pickford 


P. H. Metalclad bricks are cased in steel on four sides, bricks are easy to install because they’re completely 
graded refractory material and metal casing forming consistent in shape and size, and need no jointing 
an integral unit. That’s because of the controlled cement. Spalling during temperature changes is 
hydraulic pressure method of manufacture, which eliminated, iron-oxide bursting is reduced to a min- 
allows no air infiltration whatsoever. P.H. Metalclad imum—in other words, they last longer too ! 


Make your needs known to Pickford Holland now! 


P.H. METALCLAD 


PICKFORD, HOLLAND & CO. LTD - SHEFFIELD + TELEPHONE: 33921 
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THREE-PHASE 
FURNACE ELEMENT 


Smee's $103 
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sia 
% 
_with temperature range from 900 to 1550°c 
ensures far more mechanical robustness than was ever be! 
yey | 4 : “possible. A loading of more than 21 kw for each eleme Sn 
electrical connections are greatly simplified. 
= 
ae Please send details of the Silit Three-Phase ' 
Heating Element 
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If you're planning to put in a new electric 

or fuel-fired furnace, a Honeywell control system 
will save installation time and ensure 

the best possible results. 

Honeywell make all types of furnace controls, 
including complete saturable reactor systems, 


master-slave programme systems and flame safeguards. 


new furnace to work faster, better 


WRITE OR SEND THE COUPON TODAY to: 
Honeywell Controls Limited 
Greenford, Middlesex. Waxlow 2333 


I am interested in Honeywell Control Systems for 
(state application) 

NAME 

POSITION 

COMPANY 

ADDRESS 


M 


Sales Offices in the principal towns and cities 
in the United Kingdom and throughout the world 
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Control panels, instruments and housings 

are custom-engineered and arrive at your plant 
already piped and wired. Honeywell will undertake 
the whole installation or provide 

standby supervision, as you prefer. 

After your furnace is in production, you can 

rely on Honeyweil to keep your controls 

in top condition by periodic maintenance or 
immediate service in case of emergency. 

All over the world Honeywell Controls are 


helping industry to meet tighter specifications. 


Honeywell 
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ITREOSIL 


... devilish 
good 
acid heating 


Do you accept waste with a devil- 
may-care shrug... or do something 
about it with Vitreosil Electric immer- 
sion heating? Controlled immersion 
heating in the electro-plating or pickling 
bath costs less, saves time, and improves 
output. Like more information ? Write 


and we'll be devilish quick in replying! 


ITREOSIL 


J electric 
g IMMERSION HEATERS 


& THE THERMAL SYNDICATE LTD. 


y 
Fe) 
Box No. 6, WALLSEND, NORTHUMBERLAND. 


D 
phone : Wallsend 62-3242/2 
Lonpon : 9, BerKeLey Street, W.1. 


Telephone : Hyde Park 1711/3 
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... for Complete Monolithic Linings Moulding 
Special Shapes Repairs to Brickwork 


ver 
“dae jestiet For further details of the full range 


of Plastic Refractories, Refractory 
Cements and Castable Refractories, 
ask for Pamphlet No. 4. 


— 


Our technical departments are also available 
to advise on suitability of application 
and correct ramming procedure. 


JOHN G. STEIN & Co. Ltd., Bonnybridge, Scotland. Tel: BANKNOCK 255 (4 lines) 
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— 
Aporer. weight reguir 
tow T Methods | Metrac- Thermal 
Hardening . 
ied of Use toriness emperature 
sicear Plastic tie hand 1980°¢ 140 2243 
ein Sillimanite Heat | moulding 
Patch ic 1900°C 1700°¢ 155 2483 
ein 73 Plastic tie patching 1750°C 1900°C 180 2004 
Putty ding 
Stein Carome Semi- or 
Patch lastic (patching 1750°C 100°C 200 3204 
ccar Patch astic 1980°C 138 2162 
tein 73 Patch Semi- or 1750°C 190°C 175 2004 
ein Magnesite patching 
Mixtore Ory 1750°C 1750°C 15 2804 


Atmospheres are 
Best Controlled with 


Bottogas or Propagas 


Photograph by courtesy of Enfield Rolling Mil's Lid 


BOTTOGAS 


BUTANE 


PRECISION FUEL for industrial furnaces 


BOTTOGAS butane and PROPAGAS propane 
are the Precision Fuels for the glass industry, 


BOTTOGAS butane and PROPAGAS 
air heaters, radiant heaters, bitumen and 


propane with their low sulphur 
content are the perfect mediums for 
special furnace atmospheres. They 
are widely used for gas carburising, 
carbonitriding and bright annealing. 


WZ 


mastic heating, floodlights, blow torches, fork 
lift trucks, agriculture. 


BOTTOGAS butane and PROPAGAS propane 
come from the British Refineries of the Shell 
and BP Group. They are backed by a nation- 
wide distribution service and technical resources 


second to none. 


Shell-Mex and B.P. Gases Limited 


(Reg'd users of Trade Marks) 


Cecil Chambers, 76-86 Strand, London WC 2 Phone: TEMple Bar 1234 
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Thermocouple Wires 


THE FACTS 


T1* and T2* are thermocouple wires of the 
nickel-chromium/nickel-aluminium type. 
They are suitable for constant use at tem- 
peratures up to 1100°C, and for spot 
readings at higher temperatures. 


T1* and T2* conform to the relevant 
British Standard and Air Ministry specifi- 
cations. They are entirely British made. 
They are protected by registered trade marks. 


So much for the basic facts. T1* and T2* 
are thermocouple alloys whose stability, life, 
and quality generally are taken as read by so 
many pyrometer manufacturers. But these 
alloys also pass with flying colours the kind 
of tests by which a first-class commercial 
proposition is judged. 

Made in Britain The commercial 
advantages of material manufactured en- 
tirely in this country are perhaps self- 
evident. Lines of communication are short 
and to the point. We can have a finger on 
the pulse of the market. And, most impor- 
tant of all, we can give an all-round service 
worthy of products which are very good 


indeed. 


Small Quantities — Because of the 
special nature of the thermocouple market, 
we are geared to supplying as little as a few 
ounces of T1* and T2*, if that is all you 
need. 

— And Large Which is not to say that 
we aren’t fully able to cope with orders in the 
upper poundage bracket. 

Wire or Strip Both are in constant 
production in a range of standard sizes (and 
their metric equivalents). 


‘Specials’ Non-standard sizes or unusual 
profiles can be supplied. 


Delivery Both T1* and T2* are manu- 
factured in this country and are in daily 
production. Consequently there are clear 
advantages in delivery. 

Technical Advice A_ well-informed 
objective opinion on a thermocouple problem 
may weil be worth having. Free and without 
obligation, of course. *Regd. Trade Mark 


Data Sheet No. 2 
contains technical data 
concerning our 
thermocouple alloys. 
Copies are available free 
of charge on request. 


BRITISH DRIVER-HARRIS CO LTD 


CHEADLE HEATH, STOCKPORT, CHESHIRE 
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JACKMAN FOR HARDNESS TESTING EQUIPMENT 
BRINELL TEST MACHINES 


WE SHOW A BEAM TYPE 
BRINELLMACHINE MOTORISED 
FOR VERTICAL MOVEMENT. 


TEST HEAD CAN BE SLID 
ALONG BEAM BY HAND. 


WIDTH BETWEEN COLUMNS52” 
HEIGHT UNDER TEST BALL 
6” TO 60” 


STANDARD BENCH TYPE AND 
OTHER SPECIAL MACHINES 
AVAILABLE. 


PLEASE WRITE FOR BULLETIN No. 2 


ALPHA CARBOMETER 


FOR RAPID AND ACCURATE 
DETERMINATION OF CARBON IN 


STEEL BATHS. 


TOTAL TIME OF MAKING TEST 13-2} 
MINUTES INCLUDING PREPARATION 
OF SPECIMEN. ACCURACY IS +0°01%C 


SIMPLE TO OPERATE. 
PROVIDES COMPLETE CONTROL 
OF STEEL BATH. 


USED IN THE 
LEADING STEEL 
WORKS OF THE 
WORLD. 


J. W. JACKMAN & COMPANY LIMITED 


VULCAN WORKS : BLACKFRIARS ROAD : MANCHESTER, 3. 
Telephone: DEAnsgate 4648 (3 lines) Telegrams: BLAST, MANCHESTER 
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From experience Gibbons “‘H.T 1” insulating refractory is the auto- 
matic choice of leading furnace manufacturers and users — its 
combination of low thermal conductivity with resistance to high 
temperatures has proved remarkably effective in minimising heat 
losses and raising furnace outputs. The Gibbons “H.T 1"’ is developed 
from more than 20 years’ experience in 


the manufacture of insulating refractories \\ Prd 
and today an entirely new and original | | ) ia 
manufacturing technique enables us to 


offer material having unique physical 
properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 5514! mew. 196 
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Brymbo Cogging Mill. 


Branch of GKN Steel Company Limited 
BRYMBO, NR. WREXHAM, DENBIGHSHIRE 


16 
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COBALT BONDED | 


TUNGSTEN CARBIDE CERMET - 


investigazor Ref, | Range.“R Adaterial Compesitios Teet Remarks 
| Leewes, £. G 56.21) 660-1960 | Carbide Tool Steel CA-4 (Allegheny Ledhun Antal beat Glow tm wed; [| Awth. error 
Steet Go.) rimeter stak 
| 86-21] 660-1460 | Carbide Tool Steel Kennametsl ae above Same as above 
4 | 660 - 1660 Serne as above Same os above 
Steet Co, 
© | S6-21] 660-1660 | Cartide Tool Steel Kennametal K25 a6 above Bame shove 
TACMILLAN NEW YORK 
‘figs, 208 
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VOLUME 


...elements | 


melting 
temperature above 1000°F. 


VOLUME 


alloys 
iron base alloys, copper base al- 
loys, nickel base, cobalt base and 
refractory metal base alloys, light 
metal alloys including ti alloys 


and other metal alloys. 00K OF 
VOLUME PROPERTIES OF SOLID@= = 
... ceramics MATER 
.. including glasses. IALS 
the five volume set of C 
VOLUME 
..cermets, intermetallics THE HANDBOOK OF THERMCPHYSICAL PROPERTIES OF SOLID MATERIALS 
and polymeric materials 
including 


bound in buck i i ; 
in buckram, will be available in August 1961 


orders received before 1 October 1961 will be billed at the special price 4 
of 25 gns ($75.00) 
orders received after 1 October 1961 will be billed at 30 gns ( $90.00) - 


Fill in the opposite side of this card and send it with your remittance 
directly to your bookseller or any of these MACMILLAN NEW YORK offices 
VOLUME 


.. references and author index 


60 Fifth Avenue, New York 11, New York 
10 South Audiey Street, London, W1 
19 Sundar Nagar, New Dethi, India 


149 Castlereagh Street, Sydney, NSW 
1336 Paz Street, Paco, Manila 


in Canada, Brett-Macmillan Ltd, 
132 Water Street South, Galt, Ontario 
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The Handbook of 

Thermophysical Properties 

of Solid Materials 

is based on literature published from 
1939 to the present time and 

covers property data for more than 
500 materials. Each reported value 
is shown and annotated. The materials 
include elements, alloys, ceramics, 
intermetallics, polymerics and 
composites. Only materials 

melting above 1000 F.° are 
included, except in the 

categories of polymerics and 
composites, where lower melting 
temperatures are recorded. 

The materials find application 

in the design of 

- aircraft missiles, space vehicles, 
conventional or nuclear power 
plants and allied equip- 


ment. 


~ 


ORDER FORM please reserve, and supply when available, set/sets of 


THE HANDBOOK OF THERMOPHYSICAL PROPERTIES OF SOLID MATERIALS 


please supply through the following bookseller 


i 


i 


remittance enclosed charge my account with bookseller 


‘=~ 


Street, London, WI 


10 South Aud 
19 Sundar Nagar, New Delhi, India 
149 Castlereagh Street, Sydney, NSW 
1336 Paz Street, Paco, Manila 


in Canada, Brett-Macmilian Ltd, 
132 Water. Street South, Galt, Ontario 
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It’s part of an automatic spectrograph. 
Check your alloy in a couple of minutes. 


WASTE TIME... 


POLYSPEK - POLYPRINT - POLYVAC . FLUROPRINT 
For automatic analysis by ultra-violet emission or X-ray fluorescence methods. 
Which do you need? Ask for our advice. 


Write for details in catalogue CH 405/ 


98 St Pancras Way London NW1 
GULiiver 5636 


HILGER & WATTS LTD 
TELEPHONE 
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“I THOUGHT I HEARD SOMETHING!" 


You did, and it doesn’t require a detector as sensitive 
as this vast radio telescope to hear that many 
foundrymen and metallurgists rely upon us for their 


supply of special refined pig irons. 


BRADLEY & FOSTER LIMITED 


FOR QUALITY CONTROLLED REFINED PIG IRON 


DARLASTON -: STAFFORDSHIRE 


Telephone: JAMes Bridge 2353 (7 lin2s) Telegrams: BRADLEY DARLASTON 
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WORLD’S 
LARGEST 


@ Greater resistance to attack of 
iron and slag than any other 


@ Low after-contraction and 


have received orders for over 


creased cooling efficiency. 
@ No deformation under a load of 


220 Blast Furnace Linings 


two tons to the square inch at 
Temp. of 1471°C. 

@ Cold crushing strength about 
four times that of an ordinary 


throughout the world 


for the WELL-WALL, BOSH & HEARTH 


CARBLOX LIMITED, STORRS BRIDGE WORKS 
LOXLEY, Near SHEFFIELD. Tel: 


Sheff 343844 (5 lines) 


Carblox Limited now 
offer the TEMCO 
pattern chequer brick 
manufactured by our 
parent company, 
Thomas Marshall & Co. 
(Loxley) Led. 

This new brick has an 
effective brick mass of 
99 per cent.—much 
higher than any other 
type of chequer. 
Details sent on request. 


one of the MARSHALL REFRACTORIES GROUP ot Companies 


C.X5.(R) 
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refractory. 
‘ 
firebrick. 
: 


she hot rolling mills at Atlas Works vie with the forge in high- 
lighting the manual skill and experience of the operators. 

Here the closest team work is essential—from the more leisured 
movement of experienced supervision to the athletic skill in the 
**catch and thread”’ of the fast moving bar in the rod mills. 
Steel science would be useless without these skills, which are 


ingrained in Firth Brown Special Alloy Steels. 


FIRTH BROWN 


HEAVY ENGINEERS 


FORGEMASTERS STEEL FOUNDERS 
ENGLAND 


ALLOY STEELMAKERS - 
SHEFFIELD 


THOS SROWN Limtiteo 
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Dependability 


and Quality in 


Dunelt Special 


purpose Alloy 


and Carbon 
Steels 


Black rolled, bright drawn 
or smooth ground, in heat-treated 
or unheated conditions. Free 
cutting steels, heat-resisting 
steels, die steels, shear blade 
steels, high-speed tool steels, 
Stainless steels, valve steels, 
hollow steel bars. 


DUNFORD & ELLIOTT (SHEFFIELD) LTD 
ATTERCLIFFE WHARF WORKS, SHEFFIEt D 9 


Telephone : Telegrams : 
4112 (5 lines) Blooms, Sheffield, 9 
London Office : Birmingham Office : 
Linford Street, 25 Burlington Chambers, 
S.W.8 118 New Street, 2 
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Let them drop to your 
very great advantage 


-with Therbloc 


Therbloc enables you to drop a layer of bricks—refractory bricks— 

not just ordinary bricks like these. Reason lies in Therbloc’s supremely 

high insulation efficiency. A thin layer of Therbloc mineral fibre insulating 

slab ousts a far thicker layer of brickwork. Subsequently thinner refractory wall boosts 
hearth capacity for a given base area and cuts construction costs. More, 

Therbloc slims the weight of brickwork to be heated and cooled. Fuel costs decelerate. 
Cycle times accelerate. So if you'd like to drop a lot of bricks drop us a 


few lines—our reply will be rewarding. 


INSULATION 


STILLITE PRODUCTS LTD. IS WHITEHALL, LONDON, S.W.I. TEL: WHITEHALL 0922-7 
A member of the TURNER & NEWALL GROUP 
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Industrial 
Quality 
Control 

through 

Automatic 

Analysis 


Basic or Raw Materials 


Manual or 
Computer link 


The Autrometer brings the precision 
of X-ray spectrographic analysis to 
every branch of industry. It needs 
only to be fed with samples to give 
quick and absolutely consistent 
analysis of up to 24 elements in one 
sample within the range magnesium 
(12) to californium (98). It can be 
operated by one unskilled attendant 
and is the ideal analytical too! for 
routine processes. 


The Autrometer, by sampling from 
any stage in the process, provides 
analytical information from which 
corrections can be made to meet 
required specifications. 


The usefulness of this instrument to 
your problems of quality control can 
be investigated by our specialists. 
Preliminary analytical work may be 
undertaken with no commitment. 


AUTROMETER 


Sole Distributors in the U.K.— 


Industrial plant maintenance is 
met with rapid standby service by 
specialist engineers. 


RESEARCH & CONTROL INSTRUMENTS LTD 


207 KING'S CROSS RCAD, LONDON, W.C.1. TERminus 2877 


(RCLOO25) 
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SELF-PROPORTIONING 


OIL BURNERS 


FOR 
CONSTANT 
AIR-OIL RATIO 


By means of a simple lever operation these 
burners ensure an accurate control of air and 
oil ratio giving peak eficiency, outstanding accuracy 
and high product quality. Schieldropv pioneered the 
self-proportioning burner in Great Britain and their unrivalled experience 
in furnace firing is recognised by the leaders in British Industry. 
Write for full details of Schieldrop Burners. 


Schieldrop « comPaNy LimITED 


TELEPHONE 414 (4LINES) 
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is your pet a hardened type P 


Deo you hate to see your pet product as a horrid, scalv 
object, with soft spots and a distorted shape ? 

Then you should think seriously of preventive treatment by 
Birlec furnace equipment. 


This prescribes any one of many kinds of hardening and 
tempering furnaces to condition your product perfectly— 
whether it be fish hooks by the million or space rockets 
for the millenium. 


There are box, pit, elevator, pusher, roller, belt, shaker 
and some other rather special types of Birlec hardening 
furnaces, electrically heated or gas fired, with strictly 
non-scaling and non-decarburising atmosphere-control 
equipment and alternative quenching arrangements. 


Ask your pet typist to write to us for more information. 


‘BIRLEC furnaces for every heat treatment 


AEI-Birlec Limited 
Tyburn Road, Erdington, Birmingham 24 
Telephone: East 1544 Telex No: 33471 


CARDIFF 


SHEFFIELD - NEWCASTLE-ON-TYNE - GLASGOW - 


LONDON - 
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THE BRITISH JOURNAL OF METALS 
INCORPORATING THE METALLURGICAL ENGINEER 


CONTENTS FOR JUNE, 1961 Vol. 63 No. 380. 


PUBLISHED MONTHLY BY Textbooks and Teaching .. .... .. .. .. 263-264, 317-318 
The Kennedy Press, Ltd. 


Cable Research. B.1.C.C.'s New McFadzean Laboratory 


31, King Street West, 
Manchester, 3. Opened 265-268 
Telephone; BLAckfriars 2084 
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>tained the Wellman 120-ton capacity Al Bai Fixed Open H 
Is Ltd., Bilston Works. 


Special design features include :— 
Three 9’ 6” wide doors to facilitate scrap charging. 


Fully suspended construction in basic refractories of roof, 
uptakes, port ends and regenerator roofs. 


Oil firing with retractably mounted burners. 
Vertical back wall. 


Improved design of port ends and uptakes based on flow 
model tests. 


Two further furnaces of similar capacity, now under construction at the same 
works, will embody additional features, including, port ends incorporating 
prefabricated replaceable panels of steel clad standard basic bricks. 
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Textbooks and Teaching 


i the course of his presidential address to the Insti- 
tution of Metallurgists last month, Dr. N. P. Allen, 
F.R.S., referred to the post-war revolution in the scholas- 
tic world caused by the realisation that a much greater 
proportion of the population could be, and must be, 
educated to levels above those that had been sufficient 
in the past in order to support a civilisation which was 
becoming ever more complex. The Institution had 
taken a part in the revolution, for its main driving 
force had been the desire of young men to obtain a 
marketable qualification. By providing the means, the 
Institution had become obliged to decide what kind of 
attainment should be recognised, and consequently the 
nature of the ideal that should be held before the young 
men throughout the teaching to which they submitted 
themselves. Dr. Allen then went on to talk about the 
importance of good teaching and of good text books. 

“It is very remarkable,” he said, “that the best 
description of the emotions that lie behind all scientific 
and technical discovery was given not by a scientist, 
but by a twenty-one year old student of surgery who 
was in love with the idea of being a poet. It is found 
in the last six lines of Keats’ sonnet ** On First Looking 
into Chapman’s Homer ”’ :— 

Then felt I as some watcher of the skies 

When a new planet swims into his ken ; 

Or like stout Cortez, when with eagle eyes 

he stared at the Pacific—and all his men 

Look'd at each other with a wild surmise- 

Silent, upon a peak in Derien. 
Keats knew little science. But he knew the pleasures 
of the life of the mind, and the impact of broadened 
horizons. His imagination could feel with the astronomer 
and the explorer. Unless our teaching can introduce 
our candidates to these pleasures, and turn them into 
responsible students, who can, throughout their lives, 
to quote again from the same sonnet, travel freely 
“in the realms of gold,”’ we shall fall short of what we 
desire for them. 

“ How is this introduction to be effected! The 
student must play his part. Clearly there were many 
young men who opened Chapman's Homer without 
feeling as Keats did about it, and clearly it is important 
to select for training in our profession men who have the 
imagination and mental power to enjoy its satisfactions. 
But the teacher must also be able to appeal to the 
imagination and bring out the power, and this requires 
special qualities. Education is essentially contact 
between minds, and since reading is the readiest way of 
making contact with distinguished minds, and _ its 
pleasures largely the pleasures of that communication, 
we should be concerned to see that the books in which 
our subject is presented are able to inspire and develop 
the kind of appreciation we require. 
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* We now encounter a difficulty. We have all been 
students in our time, and have seen our subject expand 
immeasurably. The old books have become out of date, 
but we cannot look at the new books with the same eyes 
as those with which the present students will see them 
for, much as we are unable to see the difference, it must 
be admitted that we ourselves have changed, our 
cynicism is greater and our capacity for enthusiasm ix 
less. Our standards of judgment, too, are different 
from what they used to be. On the other hand, we 
cannot rely entirely upon our memory of our own 
textbooks, for memory is a notorious romanticiser, and 
in any case makes an unfair selection from the facts. 

Nevertheless it is probably best to look back at the 
old books, and try to recall for what qualities we valued 
them, and to assess their permanent effects on our 
thinking. Students are very sensitive to certain qualities 
in their books. They like them to be reasonably weighty 
and good value for money, but they must not be so 
long and formidable as to be overpowering. They must 
be direct and forthright in their approach, and have a 
note of authority. Much arguing of the point, back and 
forth, is to be avoided, except in treatments which are 
admittedly advanced.” Padding is anathema. Person- 
ally, I never liked treatments that were so subdivided 
that there was nothing in cach section: I liked to feel 
that if I had read a section I had something to get hold 
of, and I liked the logical thread to be clear and con- 
tinuous. But the most important thing in retrospect 
appears to me to be that the book should afford a 
balanced survey of the subject and provide a framework 
into which subsequent advances can be fitted, that will 
not have to be revised as more detailed or more advanced 
understanding of the subject develops. 

“I well remember my first reading of Rosenhain’s 
‘ Introduction to Physical Metallurgy,’ which was given 
to me as a school prize after | had announced my 
intention of going in for this then rather outlandish 
subject. When I saw the constitutional diagrams of the 
copper-zinc and copper-tin systems, which then appeared 
to me as terrifying, I had a queasy feeling that I had 
chosen the wrong line. But Rosenhain’s writing was so 
confident and fluent, and his way of dealing with 
difficulties was so persuasive that I found this part of 
the book the most agreeable when I came to it. But I 
also remember a feeling of disappointment in the chapters 
dealing with the mechanical properties of metals, which 
seemed to me to be always leading up to something 
which never quite came. This feeling of disappointment 
was intensified on reading formal treatments of the 
mechanical testing of metals, which struck me then as 
being trivial, dull and self important. The modern 
student of metallurgy is very much more fortunate, for 
the work that has been done in the intervening years 
makes this subject more vivid and exciting than it used 
to be. Today’s student is more likely to be overwhelmed 
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by too many ideas, too ill-digested, and there is still need 
for a good balanced book that brings the concepts of 
solid state physics into proper relation with the practical 
needs of the everyday choice of materials. 

* On consideration, Rosenhain’s book, though it was 
attractive and stimulating, was not a good text book. 
Rosenhain was too much concerned with the contro- 
versies in which he was immediately engaged, and this 
limited his outlook. There is much that needs now to 
be revised, and on some subjects, notably on the harden- 
ing of steel, he was definitely wrong, and had failed to 
appreciate the significance of the brilliant experiments 
of the French school of metallurgists. In this respect, 
Desch’s Metallography,’ which served so long as a 
standard text book, is much better, for there is very 
little in it that does not stand true today, though 
usually very considerable amplification would now be 
thought desirable. Desch wastes no words, and is 
always catholic, judicial and impersonal, and these are 
great qualities in the scholar, and reflect the qualities 
and high-mindedness of the man. But Rosenhain’s 
warmth and enthusiasm are great qualities too, effective 
in leading to useful action. In both cases the qualities 
of the man shine through in the book ; there can be no 
good teaching unless we have also a good man, and we 
should take care to acknowledge the fact, and honour 
the teacher's qualities when we see them. 

* Desch’s book is full of references, and taught the 
value of the published literature as a store, and the use 
of it as a tool. His references are from all sources, and 
one gets from their use a sense of the large company of 
people, both distinguished and obscure, who have con- 
tributed to the body of knowledge, and the realisation 
that a truly established fact has an eternal validity, 
independent of the shifts of circumstance. How this is 
conveyed is not quite certain, for nothing is further from 
Desch’s habit than to use rhetoric to establish an 
attitude. 

‘‘ Another book that interested me is Roberts-Austen’s 
‘ Introduction to Metallurgy,’ for it was the foundation 
of the introductory course in general metallurgy that I 
had to teach, all unprepared and driven to living on my 
wits, when I started lecturing at Birmingham. It was 
in a sense a failure, for it was before its time and attemp- 
ted to unify a subject whose connecting links were not 
yet forged; and it never quite solved the problem 
presented by the desire to teach principles and the need 
to give contemporary examples. But it had authority 
and dignity, and presented all aspects of metallurgy. 
even to the last chapter, in which financial speculators 
were reproved for the unfortunate effects of their 
activities upon the welfare of the industry. The book 
was really too short for its scope, but it served a purpose 
which is always needed in a technological subject, in 
showing the subject, in proportion, as a branch of human 
activity. 

“ For greater detail we were expected to go to Harbord 
and Hall for ferrous metallurgy, and to Gowland for 
non-ferrous metallurgy. Harbord and Hall I found more 
attractive than Gowland, for it is wider in its outlook 
and less piecemeal in its approach. It is admittedly 
heavy going, and I associate it with long sessions of 
reading in which will power played an appreciable part 
but I am grateful to it for its description of the inter- 
actions between economic and technical factors, and of 
the grim drama of the battle between con peting steel- 


making processes. Turner's * Iron’ also had a place in 
my affections, both for Turner himself, whose aura of 
benevolent despotism still pervaded the metallurgy 
department at Birmingham when I first knew it, and for 
his feeling for the value of individual craftsmanship and 
skill, and for the sense of historical development that 
comes out of his book. 


“T am aware that for my younger auditors, these 
remarks will date me irretrievably, but my choice of 
books has the advantage that the authors are all dead, 
and beyond the reach of disturbance by my praise or 
blame. Of later books, I notice that Hume-Rothery’s two 
books occupy a place in the affections of all the more 
intelligent younger men, and that Barratt’s work on 
X-ray crystallography is regarded as a standby, guide 
and friend. The one author opens gates, and is admired 
for the courage with which he makes it possible to under- 
stand the unintelligible ; the other classifies, arranges 
and systematises, but does it with such efficiency and 
depth of understanding as to be an education in com- 
petence. Barrett's book is quite old, but it does not 
date, being an example of the art of picking out that 
which is permanent and fundamental. Process metal- 
lurgy appears on the whole to have been rather badly 
served. There are plenty of heavy and exhaustive books 
dealing with particular industries, but few of them rise 
above the status of compilations, or have any vital 
spirit to which one can respond. Perhaps the fact that 
these are in many cases the semi official publications of 
the firms concerned, and tend to follow a stereotyped 
pattern, is partly responsible. Perhaps the fault is in 
me, in that I no longer have the imagination to respond ; 
but perhaps also the lack of good writing on this subject 
is responsible for the academic disrepute into which 
process metallurgy has fallen, and which is not a source 
of strength to the metallurgical industries of the country. 

“ One may reasonably ask whether text books them- 
selves have not become out of date, and whether their 
place should not be taken by films, recorded dissertations 
on gramophone dises or tapes, broadcast talks, micro- 
prints of selected papers, seminars, conference records, 
and all the other self-multiplying paraphernalia of the 
electronic age. In this connection, a sharp distinction 
should be drawn between discourse, and the permanently 
recorded word. Oliver Wendel Holmes made a shrewd 
comment when he said that talking is like spraying at a 
target with a hose, in that the speaker can see whether 
he is hitting the target, and can adjust his aim accordingly 
but that the written word is like shooting once with a 
gun: the shot is either a hit or a miss. Verbal teaching 
involves the teacher-student relation, and it is primarily 
the duty of the teacher to vary his approach until he 
evokes a response. This interplay between teacher and 
student cannot be omitted without loss. But the 
recorded word is different. It is then the responsibility 
of the student to search until he understands, and it is 
an essential part of his education that he should learn 
to do so. The great advantage of reading over films, 
records, and all other such devices is that the student 
can go at his own pace, pause for reflection, turn back 
to confirm, or seek another authority to verify a point. 
In this kind of work the voice of the teacher is a super- 
fluity, and it is profoundly true to quote Keats again, 
that ‘ heard melodies are sweet, but those unheard are 
sweeter.” I conclude therefore that text books will 
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Cable Research 


B.I.C.C.’s New 
McFadzean 
Laboratory 


Opened 


The Mcfadzean Laboratory : 


HE McFadzean Laboratory—the latest addition 

to the research facilities of the British Insulated 

Callender’s Cables group, and named after the 
chairman of B.I.C.C.—was officially opened on 16th 
May by H.R.H. The Duke of Edinburgh. It is a six- 
storey building providing 64,000 sq. ft. of floor space and 
was erected at a cost of approximately £500,000. The 
major part of the building is devoted to air-conditioned 
research laboratories, with the most modern design 
features and facilities for the efficient and effective 
carrying out of research programmes. 

The power station erected at Wood Lane by the 
Kensington and Notting Hill Electric Lighting Co., Ltd., 
in 1900 was closed down in 1928, and after remaining 
inactive until 1931, the site was leased by Callender’s 
Cable and Construction Co., Ltd., to provide a site for the 
expansion of its research section. Some of the buildings 
and installations were demolished and others converted 
for research use, and in June 1934 the Research and 
Outside Testing Organisation of Callender’s Cable and 
Construction Co., Ltd., was officially opened by Lord 
Rutherford. 

When Callender’s amalgamated with British Insulated 
in 1945, the Wood Lane laboratories continued as the 
research centre of the new combine— B.1.C.C.—and from 
that time on, until the erection of the new McFadzean 
Laboratory, the plant and accommodation on the site 
were continually augmented to provide for the research 
demands of an ever-expanding group, until today a_ staff 
of some 350 is employed at Wood Lane. Still in good 
structural condition, several original power station 
buildings have been retained, and only recently has the 
210 ft. power station chimney, erected in 1899, disap- 
peared. For many years it was used for testing vertically 
installed cables. 

The scientific and engineering forces which together 
form B.1.C.C.’s technical strength may be considered as 
being sub-divided into two main groupings—engineering 
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north front and entrance. 


and research. The engineering group has laboratories 
located in every production unit and the primary respon- 
sibilities of these laboratories are to exercise quality 
control in its broadest sense; to improve existing 
products, whether it be in the materials or the plant and 
processes which are used ; to develop new products to the 
stage of final production ; and to maintain the necessary 
technical contacts with customers and others. 

The Research Organisation, which is concentrated in 
the Wood Lane Laboratories, is responsible for carrying 
out such long range experimental work as is necessary to 
feed to the engineering laboratories the information 
which they need to fulfil their shorter-range objectives, 
and to conduct basic research in fields of lasting interest, 
regardless of immediate applicability. In addition, the 
Research Organisation provides central facilities in those 
cases where they are required by several factories, but 
which demand such specialised personnel or equipment 
that a number of separate laboratories would be un- 
economic or inefficient. The Organisation has ten experi- 
mental departments, each working in a_ well-defined 
field of science or technology, and four of these are 
housed in the new building: the remaining six occupy 
other buildings on the site. All these departments are 
supported by a works engineering group with its compre- 
hensive workshops and machine shops. 


The New Laboratory 


The McFadzean Laboratory accommodates the instru- 
ment and control department, the physics department, 
British Dielectric Research, Ltd., (a group subsidiary 
for research on capacitors), the diffraction and microscopy 
department and, in addition, the electronic computer. 
which is an important part of the facilities of the mathe- 
matics department, the main offices of which are else-, 
where. The Laboratory also contains the drawing office, 
the photographic section, the main conference room, 
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a lecture room, some administration offices and catering 
and social facilities. 

These departments were selected as those which most 
need the atmospheric conditions provided by the complete 
air-conditioning of the new building, but which do not 
need extensive provision for chemical research (which 
is carried out in other buildings). However, to permit 
limited chemical or physico-chemical work, one wing of 
the building is equipped with chemical drainage and 
fume extraction. 

The Laboratory has a complete basement which, 
besides providing accommodation for the storage of 
records, the electrical sub-station, refrigeration and 
space-heating plant and the automatic telephone equip- 
ment, provides a large space to be used for life-testing and 
similar long-term tests which need only occasional 
supervision. 


Instrumentation and Control 


Apart from the entrance vestibule and conference 
room, the ground floor is wholly occupied by the instru- 
mentation and control department. This department 
is one of those which provides a centralised service to 
the B.1.C.C. group, and is responsible for : (a) developing 
novel measuring devices, mainly for use in the factories 
in non-destructive quality control testing ; (6) designing 
and constructing schemes of instrumentation, using 
either specially developed or conventional equipment ; 
and (c) devising automatic production equipment to 
replace and improve upon existing manual control 
methods, to improve product quality, or to economise 
in material usage. 

The continuous vulcanisation process used in the 
production of rubber cables requires large and expensive 
plant which is unsuitable for research or development 
work, but a flash vulcanising unit which enables the fast 
vulcanising process to be studied with ease, speed, and 
economy has been installed in the laboratory for this 
purpose. Other work in progress on insulation includes 
a study of the use of a very low energy D.C. spark for 
testing rubber and plastic cable insulation in place of the 


The measuring head of the continuous lead sheath gauge 


more commonly used A.C. spark testing technique. 
Among the advantages claimed for this D.C. method are 
that it is non-destructive and that it is non-lethal. 


In the field of metals, this department is concerned with 
the development of electromagnetic testing methods for 
quality control in the manufacture of wires and tubes, 
the latter being used in the production of mineral 
insulated cable. Tube of another kind, i.e. lead pipe, 
is used for cable sheathing, when it is extruded on to the 
cable, and for conveying fluids. Accurate control of 
thickness and concentricity is a vital necessity in the lead 
pipe to be used for the Magna flexible pipeline to convey 
natural gas from the mainland of British Columbia to 
Vancouver Island, and a continuously-operating gauge 
is now in its final development stages. 


Many new devices are now available to facilitate the 
transport of wire through various cablemaking processes 
and to control quality, and one large laboratory is at 
present occupied by a mock-up wire processing line 
which includes a biflaker for controlled de-reeling of 
wire, and a device for temporarily storing wire in the 
middle of the line to allow for operations such as jointing. 


Aligning a specimen for the X-ray diffraction camera. 


Physics 


The physics department occupies the whole of the 
first floor, and nearly all of its work is of a long-range 
nature and largely concerned with the dielectrics used 
for power cables of all descriptions. The most important 
topic, and one in which studies have been in progress for 
very many years, is research into the properties of 
dielectrics for very high voltage cables, and the depart- 
ment is very well equipped for the purpose. With oil- 
impregnated paper dielectrics, for example, studies 
commence with the manufacture of the paper itself on a 
miniature Fourdrinier papermaking machine, which is 
used to study the effect of variations in processing on the 
quality of the paper as far as cable-making is concerned. 
Of necessity the department has its own high voltage 
testing equipment, which is normally of adequate range : 
where higher voltage or currents are needed, the 


facilities of the main high voltage department are 
available. 
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Sintering of porous tantalum anodes in the capacitor 
department. 


Capacitor Research 


The second floor is devoted to research on capacitor 
dielectrics, in the hands of British Dielectric Research. 
Ltd., which serves both the capacitor division of B.L.C.C. 
and the Telegraph Condenser Co., Ltd., a B.LC.C. 
subsidiary. The department has sections dealing with 
all types of capacitor—oil-impregnated paper, electro- 
lytic, metallised plastic, ceramic, etc.—and possesses 
equipment for manufacturing laboratory specimens of 
all kinds. It also has an extensive range of measuring 
facilities for the study of initial characteristics and life 
performance. 

The self-healing characteristics of vacuum-metallised 
plastic film permits the use of very thin dielectrics and, 
hence, permits the size of capacitors to be reduced. 
Such metallised film may have a coating of aluminium 
only a few microns thick, so that the thin plastic film is 
comparatively “thick”. In contrast, a * thin ” film of 
dielectric can be formed on a metal foil by electrolytic 
treatment. The anodising of aluminium is well known 
as a means of protection against corrosion, but a similar 
technique can be used in the production of a dielectric 
film on the surface of aluminium foil for capacitor 
production. Tantalum can also be treated in this way 
and is, in fact, superior to aluminium in some respects. 
Tantalum electrolytic capacitors store better than 
aluminium ones, and can also be made slightly smaller. 
The factors governing the formation of oxide films on 
tantalum and the changes undergone during service are 
among the subjects at present being studied by B.D.R, 

Some capacitor applications involve particularly 
arduous operating conditions, and one which is receiving 
attention at present is their use in energy storage capa- 
citors in thermo-nuclear research, where they are 
subjected to an unusual duty cycle. : 
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The X-ray scanning micro-analyser. 


Diffraction, Microscopy and Photography 


The third floor houses the drawing office, the diffraction 
and microscopy department, and the photographic 


section. The diffraction and microscopy department is 


concerned mainly with the fine structure of materials, 
and provides an analytical service of this nature to all 
other departments of the Organisation. 


It has its own 
research programmes, but these are mainly concerned 
with improvements in its own techniques. 


Of the three main items of equipment, the X-ray 
micro-analyser is an instrument of recent development. 
The specimen being examined is scanned by an electron 
beam only 0-001 mm. in diameter. The X-rays which 
are generated, the wavelengths of which are characteristic 
of the elements in the surface of the specimen, are analysed 
and the results displayed either visually on the screen of 
an oscillograph as an * X-ray image,” or automatically 
recorded. This enables elements which are present only 
in minute quantity to be located and identified. The 
technique is especially valuable in metallurgical studies 
for the examination of segregates, alloying constituents, 
etc., a subject of particular interest to B.1.C.C. being the 
alloy layer formed between a galvanised coating and the 
underlying steel. 

The X-ray diffraction camera is used in the identi- 
fication of crystalline elements or compounds and for 
the determination of crystal orientation and texture. 
The techniques are all well established but the instrument 
remains one of the most versatile of laboratory tools. 
Lastly, the electron microscope has such resolution that 
it permits much higher magnifications than are possible 
with the optical microscope, and it has, in addition, such 
depth of focus that stereo-techniques are readily appli- 
cable, so that photographs may be produced in three- 
dimensional form. 


The photographic section has many duties of a routine 
nature, but it is also an essential part of the scientific 
facilities of the laboratories. Its extensive equipment 


includes high-speed cinematography, and photographic 
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The 0-5 1b. vacuum melting and casting unit. 


methods are frequently used for measurement purposes. 
An outstanding example is in connection with the 
researches being carried out in the organisation’s traction 
research laboratory at Tolworth, near London. In this 
unique laboratory, the behaviour of the overhead equip- 
ment used in electric railway traction is being studied 
by means of dynamically-similar scale models, and 
practically all of the measurements are being made by 
cinematographic or special still photographic methods. 


Electronic Computer 


The only laboratory on the fourth floor is that con- 
taining the electronic computer, which is used for mathe- 
matical and engineering design problems. The computer 
is particularly useful for the latter, because it has a much 
larger store than is usually needed for strictly mathe- 
matical purposes. One application which is readily under- 
stood and demonstrated is the calculation of the control 
requirements for installing heavy submarine power 
cables in deep water. The computer was first used for 
this purpose in 1956 when the B.1.C.C. group installed 934 
miles of 138,000 V. gas-filled cables linking Vancouver 
Island with the mainland of British Columbia, and an 
example which is now topical is the calculation of the 
control charts which will be used in the laying of the 
British section of the Cross-Channel, D.C. power cables 
for the England-France interconnection. 

Other large projects which are in hand include the 
complex problem of designing minimum-cost overhead 
power line towers, and the calculation of the sag ‘tension 
data required in overhead line installation, 


General Metallurgy 


The metallurgical equipment in the MceFadzean 
Laboratory is of a specialised nature, the main metal- 
lurgical department being located elsewhere on the Wood 
Lane site. This department is the centre of metallurgical 
research for the B.I.C.C. group as a whole, and in con- 
sequence its activities cover a wide range of metals and 
alloys. The building of the McFadzean Laboratory has 
facilitated a rearrangement of laboratories in the older 
buildings, with the result that the well-equipped metal- 


lurgical department now finds itself housed in reasonably 
spacious surroundings. 

Besides the usual metallographic and testing equip- 
ment, the department possesses a number of specialised 
items, including an Edwards } lb. vacuum melting and 
casting unit for the production of special alloys. Among 
the numerous subjects which have interested, or are 
interesting, the metallurgical department are: the 
development of means of assessing the hot rolling 
characteristics of nickel-chromium alloys; the joining 
of aluminium; the design of joints on galvanised 
structures incorporating adhesives ; the brittle fracture 
of mild steel in relation to towers for overhead trans- 
mission lines; and, of course, various problems asso- 
ciated with copper and aluminium cables and lead and 
aluminium sheaths. 


Fouling and Corrosion of 
Ships’ Hulls 

Ar the seventh meeting of a group of experts from 
thirteen O.E.E.C. member countries* on the biological 
fouling and corrosion of ships’ hulls, it was announced 
that a report on the biological and hydrological charac- 
teristics of the European testing stations participating 
in the group’s programme will be published shortly. 
It was possible to gather considerable data on the rafts 
in use, the hydrological conditions of the water, and the 
nature of the fouling encountered. This information is 
not limited to Europe alone, data being received more 
recently from the United States and the British Common- 
wealth ; the second part of this report, which is to 
appear at the end of the year, will deal with these extra- 
European testing stations. Furthermore, an _inter- 
national catalogue with coloured photographs and des- 
criptions of the main marine fouling organisms found on 
ships coming into European ports is at present being 
prepared for publication. 

The meeting, held at La Rochelle in close collaboration 
with the French ‘‘ Centre de Recherches et d’Etudes 
Océanographiques,” discussed the work of the different 
sub-commissions of the group engaged in detailed studies 
of biology and ecology of fouling organisms, standardisa- 
tion of testing methods, fundamental research, and corro- 
sion of the underwater surface of ships’ bottoms related 
to fouling. It was decided that further studies should be 
undertaken to unify rafts for comparative tests of 
biological fouling, and that tests should be continued 
until 1963 to obtain comparative data with the testing 
stationsof Spain, Portugal and the United States, countries 
which only recently joined the work of the group. In 
the field of fundamental research it was suggested to 
study the reaction of the different species of fouling 
organisms to toxins. 

The work of the group forms part of the co-operative 
research programme of O.E.E.C. which aims at contri- 
buting to the solution of important economic problems 
by combined efforts of the member countries in order to 
get results more quickly and at less cost. Since research 
on marine fouling necessitates a large number of tests 
carried out simultaneously over a wide area and under 
standardised conditions, it is impossible for one country 
alone to carry out such tests. Hence it was particularly 
appropriate ‘that a large number of countries should 
agree to co-operate under the aegis of the O.E.E.C. 


Belgium, Denmark, France, Germany, Italy, the Netherlands, Norway, Portugal, 
Spain, Sweden, the United Kingdom, the United States, Yugoslavia. 
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The Effect of Manganese 
of Quenched and Aged 


on the Tensile Properties 
Aluminium-Copper Alloys 


Containing 3 and 4-5 wt.-% Copper 
By V. B. Ghate, Ph.D.* and D. R. F. West, Ph.D. + 


Measurements have been made of the tensile properties of wrought aluminium alloys containing 3 and 


4-5 wt.-% copper, respectively, with manganese contents ranging from 0-2 wt.-%,. 


The alloys were 


solution treated at 525° C. and aged for times of up to 120 days at 130° C, When aged to peak, the alloys 
with 0-5-2 wt.-% manganese showed a higher percentage elongation and tensile strength than the alloys 
with 0 and 0-2 wt.-%, manganese ; also they showed a tendency towards transcrystalline fracture in the 
peak-aged condition, as compared with the intercrystalline fracture of the latter alloys. The superior 
properties of the alloys with 0-5-2 wt.-°% manganese are probably due to the effects of manganese on the 


grain size and shape, and on the ageing process. 


It is concluded that the presence of manganese in 


amounts typical of those present in commercial Duralumin-type alloys (viz. about 0-5 wt.-%) gives an 
improved combination of strength and ductility in the peak-aged condition at 130°C. 


ANGANESE is one of the elements present in 
M Duralumin-type and other commercial aluminium 

alloys. Its effects on mechanical properties, 
ageing behaviour and grain structure are not fully under- 
stood, and several factors are involved. The relationship 
between alloy constitution and ageing characteristics of 
two series of alloys with copper contents of 3 and 4-5°,, 
respectively,t and manganese contents ranging from 
0 to 2%, has been investigated by Chitty.' In these 
alloys, manganese exerts an influence through the solute 
content of the aluminium-rich solid solution which 
exists at the solution treatment temperature. At 
525° C. the solubility of manganese in the solid solution 
is approximately 0-2°, for copper contents of between 
3 and 4-5%.* As the manganese content is increased 
beyond the solubility limit a ternary compound is formed, 
which is designated as T-phase. The amount of T-phase 
increases with manganese content and, correspondingly, 
the solid solution which co-exists with the ternary com- 
pound is depleted in copper. Chitty has reported that 
manganese in solid solution increases slightly the hard- 
ness of alloys in the solution treated condition (i.e. as 
quenched from 525° C.), and also increases the peak 
hardness produced by ageing at 130 or 190°C. For 
manganese contents beyond the solubility limit, the 
quenched hardness increases slightly, presumably due to 
the dispersed particles of T-phase. Apparently, this 
dispersion hardening effect exceeds the softening which 
would be anticipated due to the depletion in copper of 
the alloy matrix. In the peak-aged condition, however, 
the hardness decreases with increase in manganese 
heyond the solubility limit, this effect being presumably 
due to the predominating influence of the depletion of 
the matrix in copper. 

A finely dispersed precipitate is present in various 
manganese-containing alloys (e.g. aluminium-manganese 
and aluminium-copper-manganese) which have been 
chill cast and then annealed: it has been termed the 
U-phenomenon.*~ The precipitate is believed to con- 
sist of fine particles of the same manganese-containing 


Formerly research stadent, Department of Metallurgy, Imperial College of 
Science and Technology. 
+ Department of Metallurgy, Imperial College of Science and Technology. 


All compositions are given in wt.-°,,. 
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compounds that exist in larger form in the as-cast alloys, 
and it originates by precipitation during annealing from 
the supersaturated solid solution which results from chill 
casting. This type of precipitate has been found to be 
important in relation to the ageing characteristics and 
mechanical properties of aluminium-magnesium-silicon 
alloys containing additions of manganese.*’? In these 
alloys, the presence of manganese in suitable amounts 
reduces the brittleness and the tendency to inter- 
crystalline fracture which are found in the artificially 
aged ternary alloys, and which are associated with the 
formation of a grain boundary precipitate of the ageing 
product. This beneficial effect has been attributed to a 
reduction in grain boundary precipitation, possibly 
through the particles of manganese-containing com- 
pounds providing alternative nucleation sites. 

The relationship between alloy constitution and grain 
structure in aluminium alloys containing manganese has 
been the subject of a number of investigations (e.g. *-"®). 
It involves the effect of manganese in solid solution, and 
also the effect of manganese-containing compounds, 
With regard to the latter, it has been found, for example, 
that the finely dispersed particles precipitated during the 
annealing of a chill cast aluminium—1-25°%, manganese 
alloy, influence the grain size of the final rolled and 
annealed sheet.* With the relatively coarse precipitate 
produced by an initial homogenisation at a high tempera- 
ture (e.g. 610° C.) a fine ultimate grain size is obtainable 
in the sheet as recrystallised after mechanical treatment. 
With the fine, heavily concentrated precipitate which is 
formed when homogenisation is omitted, the recrystal- 
lised grain size tends to be coarse. It has been suggested 
that the fine particles inhibit recrystallisation, the extent 
of this inhibition being irregular due to the non-uniform 
distribution of the particles, and that certain grains 
which overcome the inhibition grow rapidly, giving a 
coarse recrystallised structure. It is also known that 
particles of Al,Mn, of size typical of those present in as- 
cast structures can restrain normal grain growth after 
recrystallisation."° It appears that the grain size of 
wrought aluminium alloys containing manganese depends 
in a complex fashion on alloy constitution, and on thermal 
and mechanical history. 

The investigation reported here forms part of a pro- 
gramme of work on Duralumin-type alloys, and is con- 
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2 


STRESS tons /sq in. 
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AGEING TIME ~ days 


ELONGATION — per cent 


@. 1.—Variation of tensile properties with ageing time at 
°C. for an alloy containing 2:95 wt.-°. copper and 
1-05 wt.-°,, manganese. 
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cerned with the effect of additions of manganese on the 
tensile properties of certain aluminium-copper alloys. 


Experimental Procedure 


The alloy samples used were those prepared by Chitty 
for the investigation referred to above.!. They were 
made from the following high purity materials: super- 
purity aluminium (99-997%); an aluminium-copper 
master alloy (approximately 50°, copper) prepared from 
electrolytic copper and super-purity aluminium ; and an 
aluminium-manganese master alloy containing approxi- 
mately 9-5°% manganese, 0-004°%, silicon and 0-03% 
iron. Their compositions, as determined by chemical 
analysis, are shown below and constitute two series 
having copper contents of 3 and 4-5%,, respectively, with 
manganese contents ranging from 0 to approximately 
2%. 

Copper % 2-92 


Manganese % .. — 


3-05 3:- 
0-22 O- 


4-50 
1-90 


Copper % .. .. ‘ 4- 
Manganese % 0-52 

Portions of the ingots, which had previously been 
annealed and hot worked at 490° C., were rolled from 
2 in. plate into sheet of 4 in. thickness. Tensile test 
pieces of 1 in. gauge length, and 3 in. width, were cut 
longitudinally from the sheet. After solution treatment 
at 525° C. for a minimum time of 48 hours in an air- 
circulating furnace, the test pieces were quenched 
individually into water at 20°C. Ageing treatments at 
130° C, were then made, for times ranging up to about 
120 days. Tensile tests were made on both quenched and 
aged samples, using a Hounsfield tensometer and a dial 
gauge extensometer. The 0-1°%, proof stress, the tensile 
strength, and the percentage elongation on 1 in. were 
measured. 

Ageing curves, showing the variation of properties 
with time of ageing were determined. A high degree of 
accuracy cannot be claimed, as the number of specimens 
available for each alloy was small (averaging about 15), 


but the general trends of the curves were found. Dupli- 
cate tests for identical conditions of heat treatment were 
made in a few instances, e.g. for as-quenched test pieces, 
where reasonable agreement was obtained. 


Results 
Ageing Curves for Ageing at 130° C. 


The curves of 0-1°, proof stress /ageing time for the 
alloys of the 3°% copper series were single stage in 
nature (e.g. Fig. 1); in the 4-5%, copper series there was 
a tendency towards two-stage curves (e.g. Fig. 2). The 
highest values of proof stress were generally obtained 
from test pieces aged for about 80 days, but in view of 
the small amount of data the exact values of peak proof 
stress cannot be stated. It is considered, however, that 
the values given serve as a useful basis for comparing the 
properties of the various alloys in the condition corres- 
ponding approximately to peak ageing.* 

The tensile strength ‘ageing time curves for the 3°, 
copper alloys were of the single stage type. In the 4-5°, 
copper alloys there was some indication of a two-stage 
hardening sequence ; however, this was not evident in 
every case (e.g. Fig. 2), possibly due to the scatter of the 
results. Generally, an ageing treatment of about 80 
days gave the highest tensile strength, and the results 
quoted below (Figs. 3 and 4) were usually obtained from 
single specimens aged for this time. 

The percentage elongation ageing time curves gener- 
ally showed a period during which the elongation was 
approximately constant, after which it decreased and 
reached its lowest value at about 80 days’ ageing. 


Microscopical Observations 


In the quenched condition, alloys with manganese 
contents of 0-5°, or more contained particles of T-phase ; 
the U-phenomenon was noted. In the alloys with only 


* It is of interest to note that Chitty found that the peak hardness at 130° ©, 
in the various alloys was attained in times less than 90 days, e.g. in approxi- 
mately 45 days in the binary alloys. 
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10 
AGEING TIME - days 
Fig. 2._-Variation of tensile properties with ageing time at 


130° GC. for an alloy containing 4-6 wt.-°, copper and 
0-2 wt.-°, manganese. 
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0-2°, manganese, it was difficult to confirm the presence 
of T-phase, since the composition lies approximately at 
the solubility limit ; it may be assumed that virtually 
all the manganese was in solid solution. 


In the binary alloys and in those with 0-2°% man- 
ganese, the grains were large and approximately equiaxed 
(approximately 10-20 grains/sq. mm. as measured on 
longitudinal vertical sections of the sheet). The alloys 
with higher manganese contents showed a trend towards 
a smaller average grain size, although in some cases the 
grain structure was not uniform. The grain refinement 
was most pronounced in the alloy with 4-6°, copper and 
0-5°%, manganese, which averaged about 300 grains / 
sq. mm.: the other alloys had grain sizes ranging from 
about 20 to 100 grains ‘sq. mm. Also, with manganese 
contents of 0-5°, and more, the grains were flattened and 
their boundaries tended to be irregular in outline. The 
ratio of length/height of the grains in the longitudinal 
sections generally averaged roughly 4/1, but was only 
about 2/1 in the alloy with 4-6°% copper and 0-5°%, 
manganese. 


In all the alloys in the quenched condition, the frac- 
tures of the test pieces were of the transcrystalline type. 
After ageing to peak, the test pieces of the binary alloys 
and of the alloys with 0-2°, manganese showed essen- 
tially intercrystalline fractures. In the peak-aged 
alloys with higher manganese contents the fractures 
appeared to be more transcrystalline in nature: (of 
these alloys, only the one with 4-6°%, copper and 0-5% 
manganese showed marked intercrystalline features, but 
even in this case the fracture was partly transcrystalline). 


Discussion and Conclusions 


The variation of grain structure with manganese 
content in the alloys examined is not fully understood. 
Manganese in solid solution appears to have little effect 
on the grain size. However, alloys containing manganese 
in excess of the solubility limit show a trend towards a 
finer grain size, the effect being particularly marked in the 
alloy with 4-6°% copper and 0-5°, manganese ; also, the 
grains are flattened and their boundaries are irregular in 
outline. These effects on grain size and shape are 
presumably attributable to the influence of dispersed 
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Fig. 3. Variation of tensile properties with manganese 
content for a series of alloys containing 3 wt.-% copper. 


June, 1961 


QUENCHED FROM 525°C AGED TO PEAK AT 130°C 


35F 
£30+ 

] 
« 

4 
| 
z 15 
Or 
3 .| | | 
st 
wid 0 20 0 05 10 20 


MANGANESE - wt per cent 


Fig. 4.—-Variation of tensile properties with manganese 
content for a series of alloys containing 4-5 wt.-°, copper. 


particles of T-phase on recrystallisation or grain growth, 
or both. Variation, with alloy composition, in the num- 
ber and size of these particles is possibly significant, in 
that the grain refining effect may be most pronounced 
for a certain relatively critical dispersion. The particle 
dispersion is dependent on the thermal and mechanical 
treatment, and further work is needed to determine the 
influence of the various factors on the grain structure. 


The variation of mechanical properties with manganese 
content for the alloys in the quenched and peak-aged 
conditions is shown in Figs. 3 and 4, and is discussed 
below in relation to alloy constitution and grain size. 


The addition of 0-2° manganese to the binary alloys 
raises the proof stress slightly. The alloy with approxi- 
mately 3°, copper and 0-2% manganese, as-aged, 
appears exceptional in this respect, but it should be 
noted that the proof stress value shown is for 100 days’ 
ageing (i.e. ageing beyond the peak), as no 80-day value 
was obtained. A solid solution strengthening effect is to 
be expected with the addition of 0-2% manganese. 
However, it cannot be stated with certainty that the 
observed change in proof stress is due to this effect, 
since the increase is small and, in both series of alloys, 
the actual copper contents of the ternary alloys are 
somewhat higher than those of the binary alloys. With 
manganese contents in excess of 0-2%, the proof stress 
decreases slightly. (The alloy with a nominal composition 
of 3% copper and 0-5°% manganese is an exception to 
this generalisation, but it should be noted that the actual 
copper content, namely 3- 25%, is higher than that of the 
binary alloy.) This decrease may be attributed to the 
depletion in copper of the aluminium solid solution due 
to the formation of T-phase. The presence of finely 
dispersed particles of T-phase, and also the refinement of 
grain size in these alloys, would be expected to increase 
the proof stress to some extent, but it appears that the 
decrease in copper content of the solid solution is the 
predominating effect. 


With regard to tensile strength, no definite conclusions 
can be drawn as to the effect of manganese in solid solu- 
tion. In the alloys with manganese contents beyond the 
solubility limit the tensile strengths are higher than in 
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the binary alloys, and do not show a steady decrease with 
increase in manganese content as do the proof stress 
values. The trend of results cannot, therefore, be cor- 
related with the depletion in copper of the matrix. 

In the quenched condition, the alloys with 0-2% 
manganese show a lower percentage elongation than do 
the binary alloys. However, as noted in connection with 
the proof stress variation, the effect cannot be inter- 
preted with certainty as being entirely due to the 
presence of manganese in solid solution. In the alloys 
with 0-5°% and more manganese, the as-quenched per- 
centage elongation is generally somewhat less than in the 
corresponding binary alloys. Considering the peak-aged 
condition, a significant effect is apparent in the variation 
with manganese content of the percentage elongation and 
the type of fracture. The presence of 0-2°%, manganese 
has only a small effect, but with 0-5-2°%, manganese 
there is an appreciably higher ductility than in the binary 
alloys (viz. approximately 16-18%, as compared with 
9-12%,) and the fracture tends to be transcrystalline 
rather than intercrystalline. The higher ductility of 
these ternary alloys is associated with a higher tensile 
strength also. Similar results have been reported for 
aluminium-magnesium-silicon-manganese alloys.® 

These differences in properties with varying man- 
yanese content in aluminium-copper-manganese alloys 
are probably due to the effects of manganese on the grain 
shape and size, and on the ageing process. Low ductility 
and intercrystalline fracture in peak-aged aluminium 
alloys are associated with the existence of grain boundary 
precipitates and solute-depleted zones adjacent to the 
grain boundaries.“ In the alloys with 0-5-2% 
manganese, the elongated alignment of the grains 
parallel to the principal stress axis in the tensile test 
specimens is such as to lessen the stress concentration 
effect at the grain boundaries, and hence to reduce the 
tendency for failure to occur along the relatively weak 
grain boundary regions. Also, the finer grain size 
gives a greater grain boundary area for nucleation of the 


Patent Office Report 


Tue Comptroller-General’s Annual Report* on the work 
of the Patent Office in 1960 refers to the continued 
increase in applications for patents and trade marks and 
in applications from other countries. More than half 
the complete specifications to be examined now come from 
abroad. Despite the rise in the number of complete 
specifications to be examined, there were 1,759 more 
than in 1959, the arrears of unexamined specifications 
had fallen nearly 400 by the end of the year. This is 
the first time for eight years that there has been a 
reduction. 

The Comptroller refers to public comment about the 
length of time it takes to obtain a patent. He points out 
that although the initial delay in the Patent Office is 
still too long, the Office is not responsible for the 3-34 
years after the filing of the complete specification which 
is often quoted as the time needed to obtain a patent. 
If the applicant deals promptly with questions raised by 
the Office an application can be accepted and published 
within 18 months; 50°, of the applications are in fact 
accepted within 2 years. But one applicant in five 
takes so long that his application is not accepted in less 


* Patents Designs and Trade Marks—7S8th Report of the Comptroller-ieneral for 


the vear 1960 (House of Commons Paper 197) obtainable from HM. stationery 
Office, Kingsway, Londen, W.C.2 and branches, price 
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ageing products, and should thus lead to a lowering of the 
concentration of precipitate per unit area of grain 
boundary. A similar reduction in the grain boundary 
concentration of precipitate may be brought about by the 
fine particles of manganese-containing compounds, 
distributed throughout the grains, acting as nucleation 
sites. This reduction in the concentration of grain 
boundary precipitate, and consequently in the extent of 
the solute-depleted zones, should reduce the tendency to 
grain boundary fracture, and should favour higher 
ductility and tensile strength. 

The results of the present investigation indicate that, 
in the wrought aluminium-copper alloys studied, the 
presence of manganese in amounts typical of those found 
in commercial Duralumin-type compositions (viz. about 
0-5°%,) gives an improved combination of strength and 
ductility in the peak-aged condition at 130° C. 
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than 3 years; in 1960 over 2,000 people paid an extra 
fee in order to be allowed an extension to 3} years. 
Reference is made in the Report to international 
activity in industrial property matters, including pre- 
liminary consideration, under the auspices of the Council 
of Europe, of the possibility of a single patent application 
giving monopoly rights in a number of countries. 


Continuous Casting Automation 
An order has been received by Honeywell Controls, Ltd.., 
London, from the Continuous Casting Co., Ltd., for the 
complete instrumentation of a twin-strand continuous 
casting machine to be installed at the Abbey Works of 
the Steel Company of Wales, Ltd. The machine will be 
instrumented by a new integrated two-wire electric 
system known as the ElectriK Tel-O-Set. The system 
will control and record the flow of cooling water and 
lubricant at various points, and will monitor certain 
local flows ; it will also record and integrate the casting 
speed and record temperature rises across the moulds. 
Provision is made for a Honeywell data handling unit 
to be fitted later. This order follows Honeywell's 
official introduction of the ElectriK Tel-O-Se tsystem 
earlier this year. They have already received a £300,000 
order incorporating the system for the 720-mile Northern 
India pipeline project. 
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New Blast Furnace 


its existence to the local high quality hematite 

ore, but, although it is still mined, this material is 
no longer available in sufficient quantity to keep in full 
production the blast furnaces at Workington and Millom ; 
it has, therefore, to be supplemented by high grade ores 
imported from overseas. The Workington furnaces form 
an essential part of The United Steel Cos’. integrated 
steel works, and much of the output is converted into 
steel in the adjoining acid Bessemer plant. At Millom, 
on the other hand, the furnaces are operated by The 
Millom Hematite Ore and Iron Co., Ltd., for the pro- 
duction of high grade hematite pig iron and other special 
quality irons used elsewhere. 

The ninety-four-year-old Millom company is the 
largest producer in the United Kingdom of such classes 
of iron, and its plant comprises three blast furnaces. 
The newest of these (No. 1) was lit on 3rd May, 1961, 
by Mr. David Blank, chairman of the Cranleigh Group 

of which the Millom company is a member—at a 
ceremony attended by many of those who will be using 
the products of this new unit in steel works and foundries 
throughout the country. 

Built at a cost of £500,000, the new furnace has a 
production capacity of up to 800 tons of hematite pig 
iron per 24 hours, or about 5,500 tons a week. This, 
together with another furnace with a weekly production 
of 3,500 tons a week, gives the works a possible output 
of 9,000 tons a week. A third furnace—a hand-charged 
14 ft. hearth diameter unit—-was blown-out at the end 
of April after making over a million tons of iron in the 
eight years that have elapsed since it was blown-in on 
lith April, 1953. During its long period of continuous 
operation the furnace has consumed 813,142 tons of coke 
and 1,861,420 tons of ore and other materials. This 
involved the filling, pulling, hoisting and emptying of 
more than 5 million barrow loads. These figures are 
quoted as a background to the statement that the new 
furnace is mechanically charged by one man, and can 
produce twice the tonnage of older, hand-charged 
furnaces requiring the labours of nine or ten men. The 
company have emphasised, however, that the mechanical 
charging of the new unit will not cause any labour 
redundancy at the works. 

In addition to the furnace itself, the installation 
includes a double skip hoist complete with all necessary 
charging apparatus, coke weighing and screening, scale- 
car and bunkers, connecting mains and valves, etc., the 
main contractors being Wilfred Marley, Ltd., of Working- 
ton. The design incorporates a number of special 
features, to which reference will be made in the following 
description of the furnace and its charging equipment. 


6 West Cumberland iron and steel industry owes 


Bunkers 
The bunker range is 175 ft. long, comprising eleven 
bunkers in all, including two coke bunkers of 21,000 
cu. ft. total capacity and nine bunkers for other materials 
of 28,000 cu. ft. total capacity. These capacities allow 
for not less than 12 hours’ supply of burden materials. 


1961 


June, 


Special Quality Pig Iron Production 


Blown-in at Millom 


This general view of the new No. 1 blast furnace at Millom 
shows the unusual stack column construction. 


The materials are delivered to the bunkers in drop- 
bottom wagons. Each coke bunker has one centrally 
placed discharge point. All other bunkers have double- 
end partitions with vertical walls, and are provided with 
double-lip type gates operated from the scale-car. 

The coke bunkers, which have a Gunnite lining, are 
placed centrally over the skip pit, and from each a con- 
veyor feeds coke over a static screen to a weigh hopper. 
The feed to these hoppers to required quantity is under 
automatic control, and the weight is automatically 
shown by an indicator and recorded on a tape. Discharge 
to skip is by air-operated gates controlled by the secale- 
car operator. The screening rejects are discharged 
through a disposal chute into a small skip hoist, which 
delivers into a rejects hopper. This apparatus is also 
automatically controlled. All other materials from the 
bunkers are dealt with through the scale-car. 


Scale-Car 

The scale-car is of the contractors’ standard type, with 
a single 110 cu. ft. capacity weigh hopper, and incor- 
porates a four-wheel, spring-mounted chassis. The car 
is electrically operated by a totally enclosed traction 
unit and runs on standard gauge track, closely supported 
on steel sleepers laid in concrete. Compensated pressure 
air brakes are fitted. 

Detail and gross weighings for each charge are shown 
by a dial indicator and recorded on a tape. The weigh 
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The Marley roll-back revolving distributor with split gas 
seal for bell maintenance. 


hopper has bottom discharge by air-operated gate of 
double-leaf and large area type to ensure complete 
emptying after each filling. 

The bunker gates are also air-operated from the car 
by means of robust gate lifters, and the indicator and 
controls are positioned to give good sighting and ease 
of control for all operations, allowing efficient operation 
with a good time margin for the operator. 


Hoist and Charger 


The inclined hoist to the furnace is of the double skip 
type. The twin skips, each of 160 cu. ft. capacity, have 
wheels mounted on taper roller bearings and are hoisted 
by a 125 h.p. winch situated in the hoist house. Also 
situated in the spacious hoist house, are pneumatic bell- 
operating cylinders, sounding-rod winches, motor- 
generator set and the main electrical control apparatus. 

The mechanical charger is of the contractors’ standard 
double-bell, revolving-distributor type, but embodies 
a special feature which permits the splitting of the gas 
seal and rolling back the distributor and receiving hopper 
to facilitate quick changing of the large bell. The stock- 
line sounding rods are constantly in the furnace, except 
during main bell operation, and their movements are 
electrically transmitted to dial indicators and recorders, 
which give a constant indication and record of the stock- 
line movements and of the time when each charge is 
dropped. 

Hoisting time is 45 seconds from start to stop and 
maximum skip rate is forty per hour. The furnace bells 
are compressed-air operated: the main bell is 12 ft. 
114 in. diameter, has an angle of 53° and opens 2 ft. 6 in. ; 
the auxiliary bell is 6 ft. 6 in. diameter, has an angle of 
50° and opens 2 ft. 6 ins. The main-bell hopper capacity 
is 810 cu.ft. and that of the distributor hopper 160 cu. ft. 
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Skip loading stations (right) showing automatic coke 
charging equipment, and scale-car at bunker discharge 


position (left). 


All primary controls are placed in a station positioned 
at the bottom of the hoistbridge and convenient for the 
scale-car operator, who starts each skip by push-button 
control, following which all movements of hoisting and 
charging follow automatically in set pre-selected sequence 
or, in part independently, as desired. All operations 
are fully safety interlocked to prevent movements out 
of sequence. This interlocking also allows for “ jigging ” 
of the bells to clear obstructions in the event of the bells 
failing to close and seat properly. 

The rate of operation of the scale-car and the hoist 
and charging apparatus allows for the input to the 
furnace for normal production to be obtained when the 
apparatus is working at 55-60%, of its maximum rate, 
so as to allow ample time reserve. 


Furnace 


The new furnace was planned and designed with the 
aim of supplying a unit which would give quality and 
quantity of product, reduction of manual effort, unifor- 
mity of operation, reduced maintenance, and conservation 
of materials. 

The dimensions of the furnace itself are: well 20 ft. 
diameter by 11 ft. 44 in. deep; bosh 20 ft. diameter at 
the bottom, increasing to 24 ft. diameter at an angle of 
79° 42’ through a height of 11 ft.; stack 24 ft. diameter 
at the bottom, parallel for 7 ft. 6 in., and then tapering 
to 18 ft. 6 in. diameter through a further height of 38 ft. 
6 in.; and throat 18 ft. 6 in. diameter and parallel through 
a height of 8 ft. 6 in.; total height 84 ft. from the tap 
notch to furnace top platform level. The furnace has 
sixteen tuyeres fed from a bustle main 3 ft. diameter 
inside the brick lining. 

The cooling arrangements provided on the furnace are : 
(a) for the hearth jacket and bosh—by sprays; (4) for 
the tuyere belt—by three rows of inset flat copper coolers, 
and (ec) for the stack—by fourteen rows of inset flat 
copper coolers over a large portion of its height. 

A special feature of the new unit is the provision by 
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Wilfred Marley, Ltd., of an economic design of stack 
columns arranged so that the whole of the top weight of 
the distribution and charging gear, together with the 
furnace top platform, is carried direct onto the main 
support columns instead of onto the stack casing. Since 
the cooler platforms are also carried on this structure, 
the arrangement involves very little extra steelwork 
than conventional cooler platform designs. Also, the 
stack plates are not as thick as would otherwise be 
necessary. The importance of this arrangement lies in 
the fact that the whole stack is free to expand and, in 
the event of any fracture of the casing, the top weight 
which is considerable in modern blast furnaces such as 
this—causes nodanger. Individual plates or, if necessary, 
the whole stack may be replaced safely without inter- 
ference to the top gear. Such an operation has in fact 
been successfully carried out by the makers on a smaller 
installation. 

Four gas offtakes have been provided, together with 
uptakes leading into a single gas box from which a single 
downcomer is led to a primary dustecatcher. The dust- 
catcher connects to existing gas mains and a suitable 
isolating valve has been installed. Dust discharge is 
either direct or through a single shaft pug mill. 


Product 
In contrast with furnaces attached to steel works, 
where the demand is for iron of the same quality over a 
long period, the Millom furnaces are required to produce 
‘ tailor-made ’ irons to suit the particular requirements 
of individual customers. With the installation of the new 


Section of the hoist house showing winch (left) and high- 
pressure pneumatic bell-operating cylinders. 


furnace, the company is even better placed than formerly 
to supply high grade hematite pig iron in almost any 
combination of low phosphorus, low sulphur and man- 
ganese contents to meet the varying analyses of these 
elements now in demand, with silicons as required. 


Vanadium-Columbium Alloys 


ANADIUM-BASE alloys containing 20-50%, columbium 

display good high-temperature strength, good corro- 
sion-resistance in both oxidising and reducing environ- 
ments, and fabricability by conventional hot-working 
techniques in air, according to a recent report by Dr. 8. 
T. Wlodek, Union Carbide research metallurgist. Studies 
of these alloys were undertaken because the high melt- 
ing point and low density of vanadium suggest use of 
the metal in high-temperature applications where good 
strength-to-weight ratio is required. Vanadium also 
possesses good liquid metal corrosion resistance and, 
because all of its short-lived isotopes decay without 
emitting excessively strong decay products, it is often 
regarded as a promising structural material for nuclear 
applications. 

Unfortunately, however, pure vanadium does not have 
the high-temperature strength that its high-melting point 
would imply, although it has excellent room temperature 
fabricability and remains ductile at very low tempera- 
tures. Moreover, of all the refractory metals, pure 
vanadium is probably the least resistant to oxidation 
and aqueous corrosion. These deficiencies make the 
hot-working of vanadium impracticable and limit its use 
in chemical environments. Obviously, some alloying is 
necessary to improve the usefulness of the metal. 

Dr. Wlodek studied the behaviour of a family of alloys 
based on a columbium-vanadium system containing 
20-50%, of columbium by weight. He found that in the 
warm-worked condition vanadium-columbium alloys 
have ultimate tensile strengths of 12,000-35,000 Ib. 
sq. in. (5-4-15-6 tons/sq. in.) over the temperature 
range of 700°-1,000° C., and stress-rupture properties at 
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700° C. corresponding to 100-hour life at stresses in 
excess of 100,000 Ib./sq. in. (44-6 tons in.). On 
samples which had been warm-worked and stress-relieved, 
the tensile strength increased to 70,000 Ib. /sq. in. (31-2 
tons ‘sq. in.) at 1,000° C., and to 40,000 Ib. /sq. in. (17-9 
tons ‘sq. in.) at 1,200°C. Strain-rate sensitivity can be 
improved at the expense of strength by titanium 
additions. 

Both the aqueous corrosion resistance and oxidation 
resistance of the alloys were also considerably higher 
than those of pure vanadium. Maximum oxidation 
resistance is obtained by titanium and aluminum 
additions. The increase in corrosion resistance probably 
resulted from the passivity inherent in columbium, which 
usually results in a protective film. 


Foseco-Fordath, Ltd. 

Foseco INTERNATIONAL Lrp., and The Fordath Engi- 
neering Co., Ltd., have announced the formation of 
Foseco-Fordath, Ltd., a joint company to license the 
manufacture and marketing of the Fordath range of core 
binder products in world markets outside the United 
Kingdom. The formation of this joint company will 
mean that the products of Britain’s leading manufacturer 
of foundry core binders will now be available in all 
markets of the world through the extensive sales organi- 
sation of the Foseco Group, withitssixteen manufacturing 
and sales units and forty three distributors covering 
fifty one countries. Specialised foundry equipment 
manufactured by Fordath is not included in the agreement 
and will continue to be marketed exclusively by the 
manufacturer in all markets. 
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The Specific Heat of 


By B. Gregory,* B.Sc.Tech., Ph.D. 


A technique has been used for the derivation of specific heat values for hyper-eutectoid 
steel in the temperature range 500°-1,000° C. 


Hyper-Eutectoid Steel 


and H. J. Bray,+ B.Sc.Eng., Ph.D. 


The technique involved accurate thermal 


analysis from which it was possible to derive a differential area curve and subsequently 
the specific heat curve using a radiation relationship. 


tion of specific heat curves for hyper-eutectoid 

steels, which differ from true values by only a 
fraction of a per cent., by means of a mathematical 
computation of results obtained from an accurate 
continuous heating and/or cooling thermal analysis. 
Previous work of this nature was conducted by Awbery 
and Snow! and others?~, and more recently by Pallister®. 
These workers measured the temperature rise of a 
specimen, after the introduction of a measured quantity 
of electrical heat provided by means of a resistance 
coil, and used this as the basis for their specific heat 
determinations. 

Such methods give values of specific heat, by an 
intermittent process, but between comparatively wide 
limits of temperature, whilst those which involve the 
rapid cooling of specimens in a calorimeter, as pointed 
out by Pallister, would be found defective in the trans- 
formation region of temperature. The authors’ con- 
tinuous method lends itself readily to measurements in 
the direction of heating and cooling, thus giving a total 
mean specific heat curve. The values obtained were 
derived from an expression involving the equation of 
Stefan’s law of radiation and a * Newtonian” law of 
radiation for a specimen contained within an enclosure 
under definite conditions. 


t investigation has as its object the determina- 


Theory of Derived Results 


Heat can be transferred from a specimen to an 
enclosure (or vice versa) by conduction, convection and 
radiation. Provided the surface area of contact between 
an enclosure and specimen is small compared with the 
total surface area of the specimen, it is assumed that 
heat transfer by conduction is negligible and that total 
heat transferred is entirely due to radiation when under 
reduced pressure. 

Stefan’s Law of Radiation may be written : 

J = AE o (T,4 — T,‘) (1) 
where J is the radiation in calories per second, AE a 
complex of specimen and enclosure area emissivity 
coefficients, o Stefan’s constant, and 7, and 7, the 
absolute temperatures of specimen and_ enclosure, 
respectively. 

By equating the “ Newtonian ” expression of radiation 

J = K (T, — T,) (2) 
to the Stefan expression, the constant A can be evaluated 
and the mathematics simplified. Thus by equating 
(1) and (2) 

J = K (T, — T,) = AK o (7,‘ — T,*) 


Lecturer in Metallurgy, Royal College of Advanced Technology, Salford 


+ Senior Lecturer, Manchester College of Science and Technology. 


and K = AE o (734-7,7,24+T27,4+T,) (3) 


This equation has two limiting approximations of 


opposite sign in error 
K =4AE o and K =4AE oa T,3. 


Therefore, there must be some temperature between 7’, 
and 7’, for which 
K = 4AE o (4) 

K is a temperature-dependent constant and any integra- 
tion concerning this must be taken into account. This 
difficulty can be overcome by taking a value of T, 
which makes the integration correct for the desired 
initial and final stages and gives a good approximation 
for intermediate conditions, especially since at high 
temperatures heating and cooling take place readily 
under small temperature differences. Now, from (4) 
and (2) 

dq dT’, 

J = 4AE o (T,—T,) ms 
dt dt 


where @ is the quantity of heat radiated in calories per 
second, ¢ is the time in seconds, m the mass of the 
specimen and s the specific heat. Therefore 


4AE o (T,—T,) T dt (5) 
s 
m dT, 
This can be simplified to 
s= CT, x Area/® C. (6) 
assuming — - -) is constant for any single exper i- 
m 
dt 
ment and (7', — Tx). 7 represents the area enclosed 
af 


between the specimen and enclosure curves per increment 
of temperature. 

In this simplified expression the constant C can be 
determined by comparing known values of specific heat 
at a few isolated points with the differential area curve. 
Once this value has been established the whole relation- 
ship between specific heat and area per degree centigrade 
can be calculated quite readily, and specific heat values 
found over the whole range of temperature covered by 
the experiment. 


Thermal Procedure 

An enclosure, free from thermal changes over the 
range of temperature covered by the experiments, was 
made from copper cast in two halves and subsequently 
machined to the dimensions shown in Fig. 1. Specimens, 
of analysis given in Table I, were machined into cylinders 
? in. diameter « 3 in. long and annealed, provision being 
made to admit the thermocouples to the centre of the 
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Diagram of specimen 
enclosure. 


Fig. 1. 


a 


GRAMOPHONE 
NEEDLES INSERTED 
IN THE END OF 
COPPER SCREWS 


CAVITY FOR 4 ‘THE RMOCOUPLE 


SPECIMEN 


specimen and enclosure, securing them by means of grub 
screws. The specimens were centred in the enclosure 
with gramophone needles inserted in copper threaded 
screws. By this means it was assumed that radiation 
would, for ease of calculation, be uniform at all points 
on its surface, and heat due to conduction from the 
needle points negligible. 

The specimen and enclosure were then suitably 
mounted on an insulated base at the centre of a furnace, 
the latter being heated or cooled at desired rates (0-25- 
5 C. min.) by means of a geared Variac control, operated 
from a timing device capable of giving electrical puises. 
During the thermal cycle, marks were placed on a paper 
tape chronograph by means of a morse tapper at every 
0-10 mV. increment of both specimen and enclosure 
thermocouple e.m.f.’s, using the well-known null- 
point ” technique. The temperatures were measured 
using Chromel-Alumel thermocouples, accurately calib- 
rated against five fixed points and a standard platinum- 
platinum-10°,, rhodium thermocouple by a difference 
curve technique, in conjunction with two Diesselhorst 
type potentiometers. 


Computation of Results 


By a simple measurement of distances between 
successive markings on the tape, the exact enclosure 
temperature for any given specimen temperature (or 
vice versa) was calculated, and the results computed for 
plotting the necessary graphs. From the tape results, 
the value of area/°C. was calculated (a product of 
distance between markings and mean 7,—7',) and 
plotted against specimen temperature. The best mean 
specific heat value for each of the pure elements in the 
steels was extracted from reference books and corrected 
for a temperature within the experimental range. The 
relationship between specific heat and temperature is 
of the form s =a + 6T + eT? + ..... A separate series 
of experiments would have been better, but time 
precluded this. The value of area” C. at this tempera- 


ANALYSIS OF STEELS USED 


Steel o% | | Mn%, Nim | Ore, 


TABLE I 
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ture is then extracted from the plot and substituted in 
equation 6. From this the constant C can be derived. 

This value is used in the same relationship at various 
temperatures and the value of area/° C. obtained from 
the plot. The values of specific heat over the entire 
range can then be calculated, the number of temperatures 
selected depending on the shape of the plot. 


Results and Discussion 

For the purpose of comparing the lower values of 
specific heat, the results for the three steels investigated 
are presented in Fig. 2. Owing to the difficulty of 
showing the peak values of specific heat graphically 
these are presented in Table Il. From Fig. 2 it can be 
seen that the values of specific heat do not increase 
regularly with increasing carbon content. The values 
for steel C lie between those for steels A and B, which 
called for a further investigation on the specimen. A 
metallographic examination revealed the presence of 
graphite, the amount of which was determined by 
analysis, which revealed a value of 0-53%,. This 
suggested that only carbon present in combined form 
contributes to the value of specific heat, the original 
graphitisation having been produced by the annealing 
treatment. This reasoning seems justifiable since the 
effective value of 1%, carbon combined produces values 
of specific heat approximately half way between those 
for steel A and B. This leads to the conclusion that an 
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Fig. 2. Variation of specific heat 0-0.6 cal./g. C. in the 
temperature range 500-1,000 C. 
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increase of carbon contents, provided it is combined, 
increases the specific heat in a regular manner. 

Dealing with the sections of the specific heat curves 
above the eutectoid change, three explanations relevant 
to the unexpected change of slope present themselves. 
Firstly, the effect may be real since all three curves show 
this tendency. The effect becomes increasingly notice- 
able with increase of combined carbon content and even 
more so with steel B, which unfortunately includes traces 
of residual impurities nickel, chromium and molyb- 
denum. Such alloying additions, together with the 
thermal strain on the crystal lattice of cementite and its 
instability at elevated temperatures, probably cause 
distortion of the crystal structure as a whole and the 
small diffusion effects become detectable thermally. 

Secondly, the effect may be caused by a change in the 
value of the area emissivity coefficient between the 
specimen and the enclosure as the temperature is raised. 
The effect of this change in emissivity with temperature 
is being investigated. 

Thirdly, the effect may be due to discrepancies in the 
method of calculation. This is a possibility since one or 
two assumptions have been made in the mathematical 
treatment for ease of computation, although it is believed 
that effects due to conduction and convection are 
negligible, especially within the temperature range of 
the experiments, where differences in the fourth powers 
of temperature become really significant. 

Lastiy, the peak values as shown in Table II call for 
comment. It should be borne in mind that the values 
obtained over this short range of temperature are more 
susceptible to error in this technique, since a certain 
amount of heat absorbed for the change to occur is 
latent and not specific. It is, however, interesting to 
note that the peak values for steel A and B are almost 
the same, whereas the peak value for steel C is lower. 


Prevention of Eye Injuries 


One of the most serious types of injury in any walk of 
life is that which affects one’s eyesight. In any industry 
injuries to eyes are more or less common, and H.M. 
Chief Inspector of Factories’ Report for 1959 lists nearly 
7,000 eye injuries of different types and degrees of 
severity. Eye injuries are not one of the major hazards 
of the steel founding industry, but in view of the serious- 
ness of the possible consequences of even apparently 
trivial eye injuries, the Safety Committee of the British 
Steel Founders’ Association has for some time now been 
conducting a campaign to reduce accidents to eyes. 
This campaign has been supported in the steel foundries 
by posters and pamphlets for operatives, and the Com- 
mittee has now produced a film emphasising the need for 
the continuous use of goggles, eye shields etc., the 
importance of obtaining skilled treatment for any eye 
injury, and the possible consequences of neglecting these 
precautions. 

The film, entitled “ Your Eyes are Precious,” is a 
16 mm. sound and colour film running for approximately 
8 minutes and deals particularly with situations which 
may arise in steel foundries. Its general theme, however, 
can be applied to any industry, and it has therefore been 
arranged for copies to be available on loan to any interes- 
ted organisation on request to the headquarters of the 
Association at Broomgrove Lodge, 13 Broomgrove Road, 
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TABLE II.—PEAK VALUES OF SPECIFIC HEAT. 


Temperature Specific Heat 
Steel CC.) (cal. /g./°C.) 
A 723-0 2-05 
725-5 4°55 
730-5 2-15 
B 724-0 4-50 
729-2 1-58 
© is 720-5 0-90 
723-0 | 2-39 
724-2 3- 
725-5 2 
728-0 0-89 


The results however, lie in the expected order since the 
greater the proportion of pearlite present the greater 
would be the heat necessary for its transformation to 
austenite at this temperature. 

In reviewing this investigation, it appears that the 
results obtained compare favourably with those of other 
workers and, in addition, the technique has the advan- 
tage that it can be applied over a continuous range of 
temperature for both heating and cooling procedure. 
The fact that a paper tape chronograph is used instead 
of stop watches also gives it the added advantage that a 
permanent record of results may be kept which can 
easily be checked for computing errors. 
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Sheffield 10. In the case of firms who may wish to show 
the film to successive classes of apprentices or in different 
departments of their works, it may be preferable for them 
to possess their own copy: these may be purchased from 
the B.S.F.A. at a cost of £15 each. 


British Pipe for Canada 


More than 100 miles of steel pipe from Britain will be 
used in Canada’s big natural gas project. The pipe will 
convey “ sour ” natural gas from the gas fields of Alberta 
to cleaning plant now being built. Under contracts 
recently negotiated through their wholly-owned sub- 
sidiary, Stewarts and Lloyds of Canada, Ltd., Stewarts 
and Lloyds, Ltd., the British tube company, have 
supplied 11,100 tons of pipe, including 26 miles of 14 in. 
diameter pipe with a wall thickness of } in. The contracts, 
representing a value of around £670,000, have been 
signed with the Hudson’s Bay Oil and Gas Co., Ltd., 
and Shell Oil Co. of Canada, Ltd. 

Believed to be the first of its kind ever constructed, 
the pipeline will carry the gas, heavily charged with 
sulphuric acid and other impurities, to the cleaning 
plant. After cleaning, the gas will be exported to the 
U.S.A. About 95% of the total pipe order has been 
manufactured at the Stewarts and Lloyds Clydesdale 
works, near Glasgow, and the remainder comes from 
Corby, Northants. 
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Non-Ferrous 
Metals Research 


B.N.F.M.R.A. 


Progress Reviewed 


in Annual Report 


The director, Mr. G. L. Bailey, explaining the principle of the B.N.F. 

roller-stretcher to Mr. Denzil Freeth, Parliamentary Secretary to 

the Minister of Science, who proposed the toast to the Association 

at the annual luncheon on 10th May, 1961. On the left of the picture 
is Mr. F. C. Braby, chairman of the Association's council. 


ROGRESS on more than sixty major researches 
P designed to improve the quality, durability, 

reliability and performance of non-ferrous metals 
and their alloys was reported by the British Non-Ferrous 
Metals Research Association at its forty-first annual 
general meeting in London on Wednesday, LOth May, 1961. 
The Association, which is supported by both industry 
and government, was set up in Birmingham soon after 
World War I and has been carrying out research and 
providing technical services for producers, manufac- 
turers and users of non-ferrous metals from its head- 
quarters in Euston Street, London, N.W.1, since 1930. 
Today its laboratories cover some 53,000 sq. ft. and 
expenditure on its services runs at a quarter of a million 
pounds a year. Its membership of 632 embraces the 
primary producers in the Commonwealth, the firms 
producing sheet, strip, wire, rod and tube from non- 
ferrous metals in this country, copper and aluminium 
alloy founders, die casters, galvanisers, electroplaters and 
many engineering firms in the aircraft, electrical, nuclear 
power and motor manufacturing industries. 

Two trends are to be noted in the annual report of the 
Association. In the first place, side by side with its 
fundamental research, more attention is being given to 
development work and short-term specific researches 
with a view to passing on results to industry as quickly 
as possible. To this end the liaison and technical service 
department studies the extent to which research results 
could affect current technological methods, demonstrates 
how the particular advance can be integrated into 
industrial practice, and later publicises the results 
achieved. 

Of the sixty researches mentioned in the previous 
year’s report as either “in progress” or “‘ due to be 
started,” fifteen have been completed. In a number of 
instances in the past—corrosion in condenser systems is 
a notable example—researches consisted of a series of 
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investigations on the same general topic, but changing 
from time to time in direction and emphasis as particular 
problems were solved and attention was turned to a new 
aspect. In this way a single research could continue for 
many years, and, in fact, that on condenser corrosion 
was taken over in 1930 from the Institute of Metals, 
and had been in progress under their guidance for some 
years before that date. The present procedure of the 
Association does not encourage the apparent prolongation 
of a single research by adding new items to the programme 
from time to time, but requires that when specific objec- 
tives are attained the research will be closed down and a 
new investigation put in hand on a selected phase of the 
work where this is considered desirable. 

Reference to the second trend—the increasing activity 
among the primary producers to promote international 
research into further applications for non-ferrous metals 
and their alloys—appears under the heading “* Income ” 
where it is stated that research contracts have been 
placed by such overseas organisations as the Copper 
Products Development Association of New York, the 
Cobalt Development Association of Brussels, and the 
American Zinc Institute. The results of these researches 
will be available to members of the Association, as will 
the benefits of any patents arising, at terms no less 
favourable than to anyone else. 

B.N.F. research work ranges from the study of nuclear 
metals to the galvanising of domestic hot water tanks, 
and from the correcting of strip rolling faults to the 
automatic analysis of metals and alloys. Space does not 
allow for a full account, but reference is made in the 
following pages to some of the highlights of the past year. 


Process Control 


The Association has always given a lot of attention 
to analytical methods, being one of the pioneers in the 
use of the optical spectrograph for this purpose. More 
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increase of carbon contents, provided it is combined, 
increases the specific heat in a regular manner. 

Dealing with the sections of the specific heat curves 
above the eutectoid change, three explanations relevant 
to the unexpected change of slope present themselves. 
Firstly, the effect may be real since all three curves show 
this tendency. The effect becomes increasingly notice- 
able with increase of combined carbon content and even 
more so with steel B, which unfortunately includes traces 
of residual impurities nickel, chromium and molyb- 
denum. Such alloying additions, together with the 
thermal strain on the crystal lattice of cementite and its 
instability at elevated temperatures, probably cause 
distortion of the crystal structure as a whole and the 
small diffusion effects become detectable thermally. 

Secondly, the effect may be caused by a change in the 
value of the area emissivity coefficient between the 
specimen and the enclosure as the temperature is raised. 
The effect of this change in emissivity with temperature 
is being investigated. 

Thirdly, the effect may be due to discrepancies in the 
method of calculation. This is a possibility since one or 
two assumptions have been made in the mathematical 
treatment for ease of computation, although it is believed 
that effects due to conduction and convection are 
negligible, especially within the temperature range of 
the experiments, where differences in the fourth powers 
of temperature become really significant. 

Lastly, the peak values as shown in Table II call for 
comment. It should be borne in mind that the values 
obtained over this short range of temperature are more 
susceptible to error in this technique, since a certain 
amount of heat absorbed for the change to occur is 
latent and not specific. It is, however, interesting to 
note that the peak values for steel A and B are almost 
the same, whereas the peak value for steel C is lower. 


Prevention of Eye Injuries 


One of the most serious types of injury in any walk of 
life is that which affects one’s eyesight. In any industry 
injuries to eyes are more or less common, and H.M. 
Chief Inspector of Factories’ Report for 1959 lists nearly 
7,000 eye injuries of different types and degrees of 
severity. Eye injuries are not one of the major hazards 
of the steel founding industry, but in view of the serious- 
ness of the possible consequences of even apparently 
trivial eye injuries, the Safety Committee of the British 
Steel Founders’ Association has for some time now been 
conducting a campaign to reduce accidents to eyes. 
This campaign has been supported in the steel foundries 
by posters and pamphlets for operatives, and the Com- 
mittee has now produced a film emphasising the need for 
the continuous use of goggles, eye shields etc., the 
importance of obtaining skilled treatment for any eye 
injury, and the possible consequences of neglecting these 
precautions. 

The film, entitled “‘ Your Eyes are Precious,” is a 
16 mm. sound and colour film running for approximately 
8 minutes and deals particularly with situations which 
may arise in steel foundries. Its general theme, however, 
can be applied to any industry, and it has therefore been 
arranged for copies to be available on loan to any interes- 
ted organisation on request to the headquarters of the 
Association at Broomgrove Lodge, 13 Broomgrove Road, 
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TABLE II.—PEAK VALUES OF SPECIFIC HEAT. 


Temperature Specific Heat 

Steel CC.) (eal. /g./°C.) 
A 723-0 2-05 
725-5 4-55 
730-5 2-15 
B 724-0 4-50 
729-2 1-58 
720-5 0-90 
723-0 | 2-39 
724-2 3-20 
725-5 2-28 
728-0 0-89 


The results however, lie in the expected order since the 
greater the proportion of pearlite present the greater 
would be the heat necessary for its transformation to 
austenite at this temperature. 

In reviewing this investigation, it appears that the 
results obtained compare favourably with those of other 
workers and, in addition, the technique has the advan- 
tage that it can be applied over a continuous range of 
temperature for both heating and cooling procedure. 
The fact that a paper tape chronograph is used instead 
of stop watches also gives it the added advantage that a 
permanent record of results may be kept which can 
easily be checked for computing errors. 


Acknowledgment 


Thanks are due to colleagues in the metallurgical 
laboratories of the Manchester College of Science and 
Technology, who have determined similar results by this 
technique. 

REFERENCES. 
1 Awbery, J. H., and Snow, A., Iron Steel Inst., Spec. Rep. No. 24, 1939, 
2 Pailister, P. R., J. Iron Steel Inst., 1949, 161, 87-99. 
3 Pallister, P. R., ibid, 1954, 178, 346-348. 
4 Powell, R. W., and Hickman, M. J., ibid, 1946, 154, 99P-105r. 
5 Jenkins, C. H. M., Bucknall, E. H., and Jenkins, G. C. H., Iron Steel Inst., 


Spec. Rep. No. 24, 1939, pp. 181-214. 
6 Pallister, P. R., J. Iron Steel Inst., 1957, 185, 474-482. 


Sheffield 10. In the case of firms who may wish to show 
the film to successive classes of apprentices or in different 
departments of their works, it may be preferable for them 
to possess their own copy: these may be purchased from 
the B.S.F.A. at a cost of £15 each. 


British Pipe for Canada 


More than 100 miles of steel pipe from Britain will be 
used in Canada’s big natural gas project. The pipe will 
convey “ sour ’’ natural gas from the gas fields of Alberta 
to cleaning plant now being built. Under contracts 
recently negotiated through their wholly-owned sub- 
sidiary, Stewarts and Lloyds of Canada, Ltd., Stewarts 
and Lloyds, Ltd., the British tube company, have 
supplied 11,100 tons of pipe, including 26 miles of 14 in. 
diameter pipe with a wall thickness of fin. The contracts, 
representing a value of around £670,000, have been 
signed with the Hudson’s Bay Oil and Gas Co., Ltd., 
and Shell Oil Co. of Canada, Ltd. 

Believed to be the first of its kind ever constructed, 
the pipeline will carry the gas, heavily charged with 
sulphuric acid and other impurities, to the cleaning 
plant. After cleaning, the gas will be exported to the 
U.S.A. About 95% of the total pipe order has been 
manufactured at the Stewarts and Lloyds Clydesdale 
works, near Glasgow, and the remainder comes from 
Corby, Northants. 
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Non-Ferrous 
Metals Research 


B.N.F.M.R.A. 
Progress Reviewed 


in Annual Report 


The director, Mr. G. L. Bailey, explaining the principle of the B.N.F. 


roller-stretcher to Mr. Denzil Freeth, Parliamentary Secretary to 
the Minister of Science, who proposed the toast to the Association 


at the annual luncheon on 10th May, 1961. 


On the left of the picture 


is Mr. F. C. Braby, chairman of the Association's council. 


ROGRESS on more than sixty major researches 
P designed to improve the quality, durability, 

reliability and performance of non-ferrous metals 
and their alloys was reported by the British Non-Ferrous 
Metals Research Association at its forty-first annual 
general meeting in London on Wednesday, L0th May, 1961. 
The Association, which is supported by both industry 
and government, was set up in Birmingham soon after 
World War I and has been carrying out research and 
providing technical services for producers, manufac- 
turers and users of non-ferrous metals from its head- 
quarters in Euston Street, London, N.W.1, since 1930. 
Today its laboratories cover some 53,000 sq. ft. and 
expenditure on its services runs at a quarter of a million 
pounds a year. Its membership of 632 embraces the 
primary producers in the Commonwealth, the firms 
producing sheet, strip, wire, rod and tube from non- 
ferrous metals in this country, copper and aluminium 
alloy founders, die casters, galvanisers, electroplaters and 
many engineering firms in the aircraft, electrical, nuclear 
power and motor manufacturing industries. 

Two trends are to be noted in the annual report of the 
Association. In the first place, side by side with its 
fundamental research, more attention is being given to 
development work and short-term specific researches 
with a view to passing on results to industry as quickly 
as possible. To this end the liaison and technical service 
department studies the extent to which research results 
could affect current technological methods, demonstrates 
how the particular advance can be integrated into 
industrial practice, and later publicises the results 
achieved. 

Of the sixty researches mentioned in the previous 
year’s report as either “in progress”’ or “due to be 
started,” fifteen have been completed. In a number of 
instances in the past—corrosion in condenser systems is 
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a notable example—researches consisted of a series of 


investigations on the same general topic, but changing 
from time to time in direction and emphasis as particular 
problems were solved and attention was turned to a new 
aspect. In this way a single research could continue for 
many years, and, in fact, that on condenser corrosion 
was taken over in 1930 from the Institute of Metals, 
and had been in progress under their guidance for some 
years before that date. The present procedure of the 
Association does not encourage the apparent prolongation 
of a single research by adding new items to the programme 
from time to time, but requires that when specific objec- 
tives are attained the research will be closed down and a 
new investigation put in hand on a selected phase of the 
work where this is considered desirable. 

Reference to the second trend—the increasing activity 
among the primary producers to promote international 
research into further applications for non-ferrous metals 
and their alloys—appears under the heading “ Income ” 
where it is stated that research contracts have been 
placed by such overseas organisations as the Copper 
Products Development Association of New York, the 
Cobalt Development Association of Brussels, and the 
American Zinc Institute. The results of these researches 
will be available to members of the Association, as will 
the benefits of any patents arising, at terms no less 
favourable than to anyone else. 

B.N.F. research work ranges from the study of nuclear 
metals to the galvanising of domestic hot water tanks, 
and from the correcting of strip rolling faults to the 
automatic analysis of metals and alloys. Space does not 
allow for a full account, but reference is made in the 
following pages to some of the highlights of the past year. 


Process Control 


The Association has always given a lot of attention 
to analytical methods, being one of the pioneers in the 
use of the optical spectrograph for this purpose. More 
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Experimental rig for measuring aluminium rolling slab 
temperature by radiation pyrometry. 


recently the B.N.F. has been a leader in the introduction 
of X-ray fluorescence methods of analysis into the 
metallurgical industry in this country. With this 
technique the sample is irradiated with a beam of X-rays 
and the secondary X-ray emission, which is characteristic 
of the elements present in the alloy, is analysed with a 
special spectrometer. In this way a quantitative 
analysis of the alloy can be made rapidly, and commercial 
instruments are now available which allow a complete 
analysis to be made in a minute or two, the results being 
recorded on a paper tape. Particular attention has been 


paid to the successful development of solution methods 
using synthetic solutions as standards, and work is in 
progress on methods for powders such as ores and tailings. 
The most pressing remaining problem is simplification 
of the calibration procedure for solid samples to allow 


corrections to be made for inter-element effects using 
as few standard alloys as possible. 

At present, many specifications for copper alloy tubes 
call for a hydraulic test for soundness, but the more- 
recently developed eddy current methods of detecting 
cracks and manufacturing faults are more sensitive and 
less time consuming, and there are hopes that such 
techniques may replace pressure testing, for some classes 
of tube at least. Research in this field has resulted in 
means of minimising the “‘ drag” effect which occurs 
when products moving at high speed are inspected, and 
an investigation has been made of a _phase-sensitive 
technique for distinguishing different types of fault. 
The possibility of automatic sorting into good tubes and 
rejects has been demonstrated by an experimental set-up 
in the laboratory. 

A major difficulty in the use of radiation pyrometers 
for temperature measurement is the error arising from 
variations in surface emissivity under production con- 
ditions, these variations being particularly troublesome 
with aluminium alloys at hot working temperatures, 
and with inductively heated copper alloy billets which 
oxidise during heating. A method of correction using a 
heated reflector plate to obtain more nearly black body 
conditions is about to undergo trials for measuring slab 
temperatures in an aluminium rolling mill. For use 
where space limitations prevent the use of radiation 
pyrometers a roller-contact thermocouple is to be tried 
industrially. 


Manufacturing Processes 


There is a possibility that aluminium alloys will be 
used increasingly in motor car engines, and the B.N.F. 
has been engaged in studying the foundry characteristics 
of the high silicon alloys that seem most suitable for such 
items as cylinder blocks. These materials contain 
upwards of 18%, of silicon and special refining techniques 
are necessary to obtain the correct particle size of the 
primary silicon. The alloys have a low coefficient of 
expansion and, because of the high silicon content, good 
wear resistance. They can readily be pressure diecast 
to close tolerances, thus keeping machining to a minimum 
and their lightness should result in a better weight 
distribution in motor cars. Wear tests are in progress 
on a range of these alloys, and measurements of the long- 
term dimensional stability of the materials at engine 
operating temperatures are also in progress. 

Further progress has been made in research aimed at 
improving the quality of gunmetal castings, and as a 
result of the identification of the causes of the marked 
variation in unsoundness with composition, a composition 
known as B.N.F. gunmetal has been selected as offering 
the optimum combination of strength, pressure tightness 
and soundness in heavy sections. A detailed investi- 
gation of the influence of a number of common impurities 
has ensured that the limits fixed in the new composition 
are not unnecessarily restrictive. 

In modern press work, where a series of operations are 
carried out in line in a single machine, it is essential that 
the strip fed to the machine be perfectly straight if 
jamming in the guides is to be avoided. Most strip is 
rolled relatively wide and slit into narrower widths for 
feeding to the presses. Almost inevitably the wide strip 
has complex locked-up stresses which are released during 
slitting, causing the strip to distort. The B.N.F. roller 
stretcher, now in commercial production, was developed 
to correct these faults ; it is placed between the rolling 
mill and the coiler and by giving a small extension to the 
strip it equalises the stresses so that on slitting the strip 
remains straight. 


Meringue-type dezincification of hot-stamped alpha-beta 
brass fittings. 


METALLURGIA 


€ 
~ 
f a 
- 
Wy 
} 
2380 


Many power and telephone cables are sheathed with 
lead which is extruded over the core in continuous 
extrusion presses. Sometimes difficulties are experienced 
with the operation of these presses on certain kinds of 
lead, frictional forces reaching such a high level that the 
press jams or extrusion proceeds at an uneconomically 
slow rate. Research is being carried out into the 
frictional forces developed between lead and the different 
types of steel used for the construction of the parts of 
the continuous extrusion presses. 


Good agreement has been obtained between measured 
rolling loads and the values calculated for copper alloys 
from their stress-strain characteristics. This provides a 
useful method of calculating the optimum rolling schedule 
for a mill handling a wide variety of alloys, and con- 
sideration is now being given to presentation of the 
information in a more readily usable form and to studying 
its application under works conditions. 


Other aspects of working and fabrication under 
investigation include: the tendency for adjacent turns 
in a coil of wire to weld together on bright annealing ; 
the springiness of lacquered wire which is often a source 
of trouble in coil winding operations ; and the direction- 
ality of ductility in high-strength aluminium alloys, 
which has been shown to be closely related to the sound- 
ness and structure of the original cast billet. 


Corrosion and Protection 


Much of the research on corrosion concerns the use of 
metals in domestic supply water. Difficulties have been 
experienced in some areas with pitting corrosion of 
copper water pipes, but if these pipes are thoroughly 
cleaned from manufacturing films they resist corrosion 
even in aggressive waters where there has been trouble. 


The rapid blockage of hot-stamped brass pipe fittings 
in some areas as a result of meringue-type dezincification 
has been investigated, and it is now possible to predict 
with fair certainty from a knowledge of the composition 
of the water supply whether brass pipe fittings may be 
used without fear of blockage by corrosion products. 
In some instances, alternative water treatments are 
possible to reduce corrosion problems of this kind and 
trials are in progress in co-operation with certain water 
undertakings. 


Difficulties with early failures of galvanised tanks 
occur in some supply waters, particularly in the Home 
Counties, and it has been shown that satisfactory life 
can be assured at little cost by using magnesium anodes 
to protect the galvanized steel during the first year or so 
after installation. 


A long-standing research, during which several con- 
denser tube alloys resistant to impingement attack were 
developed, has now been completed. The results of 
service tests on commercially made special brasses in 
ships and power stations in polluted estuarine waters 
are awaited with interest. A new research was started 
last September to determine the conditions which cause 
corrosion cracking, under static and cyclic stresses, in 
copper-alloy tubes used for salt and fresh water lines on 
ships. 


The high-strength aluminium alloys are becoming 
increasingly important for structural applications such 
as bridge members and crane jibs, but some of these alloys 
are not completely resistant to corrosion outdoors. For 
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Vacuum microbalance for determining weight change of 
zine specimen under oxidation. 


example, some of the high-strength duralumin-type alloys 
suffer from a form of corrosion progressing from the 
outside to the core in layers. It has been found that this 
can be prevented by a simple modification to the compo- 
sition of the alloy and the heat treatment. Another 
very effective way of protecting these high-strength 
alloys against corrosion is by spraying with commercial 
purity aluminium. 

There is an increasing interest in the use of non-ferrous 
metals for curtain-walling on buildings. The copper 
alloys, for example, would have an attractive appearance 
if the natural colour of the alloy could be maintained. 
Work is in progress for the Copper Products Develop- 
ment Association (an international organisation based 
in the United States) to develop transparent lacquers 
which will protect the copper alloys against tarnishing 
when used outdoors, 

The fundamental investigation of the oxidation of 
zine at high temperatures has been continued. So far 
a start has been made on tests on the influence of lattice 
orientation and impurities in the atmosphere on oxidation 
rate, and later the effect of impurities in the metal will 
be studied. 

In the galvanising field work has commenced on a 
study of the basic factors controlling the growth of alloy 
layers, in order to further the progress of researches on 
various aspects of the subject. These include : (a) the 
galvanising in zinc-aluminium baths of hot-water system 
steel tanks which are in contact with aggressive natural 
waters ; and (4) the conditions favouring the application 
of coatings in excess of 3 0z./sq. ft. on structural steel 
exposed to certain atmospheres. 


The major effort in the electroplating researches has 
been devoted to improving the durability of chromium 
plating, and has included a co-operative investigation 
with members in which the validity of several accelerated 
corrosion tests has been checked by comparison with the 
effect of atmospheric exposure on duplicate articles : 
this work is now nearing completion. Other work has 
shown that there is a progressive improvement 
in corrosion-resistance with increasing thickness of 
chromium to 0-05 thou. or more, and has also shown that 
there is little difference in corrosion-resistance between 
the coatings deposited from the several types of bath in 
which thicker chromium can be plated free from cracks. 
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Part of the new creep testing laboratory, with a control 


Modern electroplating solutions are extremely complex 
in formulation, containing various organic agents which 
confer brightness, smoothing power, and so on, to the 
deposit. The way in which these organic additions work 
is not at all well understood and to find out more about 
this, typical organic addition agents labelled with radio- 
active carbon or radioactive sulphur are being used to 
see to what extent the agents are incorporated in the 
deposit, how they break down in the plating solution, 
and so on. 

Mechanical Properties 


Most of the fourteen researches on the mechanical 
properties of non-ferrous materials have been concerned 
mainly with creep resistance, and include two funda- 
mental investigations. The first of these is concerned 
with the behaviour of grain boundaries under creep 
conditions, and has shown that alloying elements can 
affect markedly the rate of creep at the grain boundary. 
in some materials, large grain boundary movements of 
this type are associated with the formation of inter- 
crystalline cavities, and a new research on this aspect 
of creep was recently started : this is primarily intended 
for the nuclear energy industry, but the results will no 
doubt be of interest for a much wider range of industry. 

Most of the creep testing equipment is designed to 
operate at temperatures up to 800°C., though a great 
deal of the work is on aluminium alloys for pressure 
vessels, etc., and copper-base alloys such as gunmetals 
and aluminium bronzes, where the temperatures involved 
are much lower. Researches relating creep properties to 
composition include those dealing with nickel-containing 
gunmetals; lead cable sheathing alloys ; titanium alloys ; 
and high temperature brazed joints. Special equipment 
is used for carrying out creep tests on some of the newer 
reactive metals such as thorium and zirconium, where, 
because oxidation at elevated temperatures is so rapid, 
the test pieces have to be strained in an atmosphere of 
purified argon. 

A research on the fatigue properties of aluminium 
alloys for structural purposes has provided information 
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console in the foreground. 


useful to the design engi- 
neer on permissible stress 
levels in the presence or 
absence of stress concen- 
trations such as notches, 
and on adopting ameliora- 
tive treatments to prevent 
fretting at joints. An 
investigation is also being 
carried out into the fatigue 
properties of magnesium 
alloys used for canning” 
elements in nuclear piles. 
Here the test is carried out 
inanatmosphere of carbon 
dioxide at temperatures 
ranging from 400°—500° C, 
Technical Service and 
Information 


The liaison and tech- 
nical service department 
is responsible for helping 
industry to exploit 
research results or tech- 
nological advances, and 
in the past year has made 
a study of the extent to which research results could 
affect current technological methods, showing how the 
particular advance could be integrated into industrial 
practice, and publicising the results achieved. 

A report on an investigation of air pollution arising 
from copper and copper alloy foundries forms the 
background of an advisory service to members on air 
pollution problems, and a study has also been made 
during the year of the problem of effluent disposal, 
particularly as it affects the copper alloy industry. A 
further survey—the results of which were recently 
published by D.S.I.R.—deals with the avoidance of 
wastage of nickel and chromium in the electroplating 
industry. This largely arises by drag-out and the survey 
shows how it can be recovered for re-use. 

In parallel with this work the normal technical enquiry 
service has been maintained, to deal with members’ 
problems on a confidential basis. Much of the work 
consists of “trouble shooting” in connection with 
production difficulties, but the examination of service 
failures and advice on new developments also feature 
largely in the work. 

Where answers to technical enquiries can be obtained 
by reference to the literature or printed records, as 
distinct from those involving “ know-how,” they are 
dealt with by the information department and library, 
which also selects from current technical literature such 
items as are likely to be of value to members and lists 
them in the B.N.F.M.R.A. Bulletin, almost 4,000 
appearing in 1960. Partly as a result of this, loans of 
particular items to members, government departments, 
etc., totalled more than 10,000 last year. With the 
increasing number of libraries operated by member 
firms themselves, the demands on the Association’s 
library are often concerned with rarer material, the 
tracing of which sometimes requires a good deal of time 
and bibliographical ingenuity. This tendency may 
increase, with the B.N.F. library acting, from its accumu- 
lated knowledge and experience, as a bibliographical 
consultant. 
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Whether the products be pressings, 
tubes or wire—ferrous or non-ferrous— 
Metalectric continuous bright annealing 
furnaces bring a new and easier 

approach to manufacture. 


Metalectric bright pire, furnaces have all 


the latest features, designed for reliable 
operation — accurate temperature control, 
reinovable sections for easy inspection and 
maintenance, exceptional fuel economy. All these 
are backed by the facility for using the best 

form of atmosphere for the product. Town gas, 
propane and butane, kerosene or ammonia 

may be used as the fuel source for the atmosphere. 


Top left : a conventional exothermic plant, with 
primary and reactivated secondary drying units 
and equipment for removal of sulphur compounds. 


Top right : a fully automatic plant for producing 
commercially pure nitrogen with extremely 
low dewpoint. 


Send for leaflet M.6A. 


METALECTRIC FURNACES LTD. 


SMETHWICK - ENGLAND 


FOR ALL FORMS OF ELECTRIC HEAT TREATMENT EQUIPMENT 


13/38A/61 
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PRIEST FURNACES LIMITED ‘ LONGLANDS * MIDDLESBROUGH also at KELHAM ISLAND WORKS * SHEFFIELD 5 
rise 
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The illustration shows a Three Zons Furnace for reheating 7° or 8” 
#5 feet long from cold to rolling temperature at a steady 


squareblooms 
rate of 40 tons per hour. 


Installed at the Hallside Works of Clyde Alloy Steel Company. 
We specialise in the design and construction of >—~ 


Open Hearth Furnaces 
Soaking Pits of al! types 
Continuous Multi-zone Bloom 
and Siab Re-heating Furnaces 


Contimzous Bogie type Ingot 
and Slab Heating Furnaces 


Furnaces for Aluminium Melting, 
Coil Annealing and Slab Re-heating 
Forge and Heat Treaiment Furnaces 
Stress Relieving Furnace: 

Shipyard Plate and Bar Furnaces 
Modern Lime Burning K iins 
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A typical G.A.A. Thermic Continuous Gas Carburising Plant 


G.A.A. Endothermic or Exothermic Generators 


for the Metallurgical Industries. Manual, E 
Semi-Automatic or Completely Automatic ; 


Gibbons Applied Atmospheres Ltd., are specialists in the preparation, 4 
purification and application of industrial atmospheres of all kinds. 

Complete plants can be supplied for carburising,. carbo-nitriding, 

clean and bright annealing and all treatments involving controlled 


atmospheres. 


GIBBONS APPLIED ATMOSPHERES LTD. A subsidiary of Gibbons Brothers Ltd. ; E 
P.O. Box 19, DIBDALE, DUDLEY, WORCS. Tel: DUDiey 55141 i 
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ATMOSPHERE 


FURNACES W 


Design staff, full manufacturing’ facilities, technical and 
service engineers in the field combine to provide a 
complete organisation for the design and manufacture of 
heat treatment equip t—batch and continuous furnaces, 
atmosphere plant, handling gear, including heavy duty 
charging machines, material handling systems and 
ancillary equipment. 


The plant illustrated comprises three batch-type electrically 
heated furnaces, a 50-ton charging machine, loading and 
unloading racks and inert gas pliant. 


ANNEALING 


STORDY ENGINEERING LIMITED 


CUMBRIA HOUSE - GOLDTHORN HILL 


WOLVERHAMPTON 
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If you are a user of indirect, oil-fired furnaces, this will interest you. The furnace illustrated here was constructed by The Carborundum Company Ltd. 
And when it comes to know-how on furnace building, CARBORUNDUM are second to none. Long experience over many years combined with top-quality 
refractory materials enables them to provide structures which allow output to be increased and economy to be maintained. Users throughout the country 
have turned to CARBORUNDUM for the design and building of muffle furnaces which offer advantages such as these: 


@ Even temperature conditions within the nwffle. 
Rapid pick-up of temperature after insertion of a cold charge. 
Built-in recuperator to keep waste gas temperature to a minimum, 
Long refractory life and freedom from maintenance. 
Gas-tight construction. This ensures a clear muffle atmosphere, so essential in 
avoiding spoiled ware which can result from exposure to the products of combustion. 


Our experienced engineers are always available and would welcome an opportunity to call and discuss your furnace problems with you. 


“= THE CARBORUNDUM COMPANY LTD 
REFRACTORIES = MILL LANE RAINFORD ST. HELENS 
DIVISION é LANCASHIRE 


Telephone RAINFORD 57! 
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NATURAL DRAUGHT GAS FIRED MAR 


TEMPERING SALT BATH WITH AGITATOR 
Size of bath 36° long x 24° wide x 1/8 deep 


We manufacture all types of Cyanide, and Oven 
Furnaces suitable for the Heat Treatment of Metals 


KASENIT Ltd. 7 Holyrood Street, Bermondsey, LONDON S.E.1 
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EXPRESS FREIGHT 


TRAVELS FASTER ON... 


TIMKEN 


tapered roller bearings 


who 


use 


HEAT TREATMENT PLANT 


At British Timken, rollers have their own line”™ 

an EFCO continuous production 

been previously carburised they are 

hardened and tempered to the precise specifications J 
necessary for them to perform their arduous 


duties for British Railways. FURNACES 
the best of the worlds furnace designs 


Like Timken—be on the right lines—with EFCO 


EFCO FURNACES LTD. 


QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 389! 
Associated with Electro-Chemical Engineering Co., Ltd. 
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Recent Heat Treatment Furnace 


Installations 
Annual Survey of Developments 


Developments in the design and construction of heat treatment furnace equipment continue on a 

considerable scale, and over the past year many furnaces have been installed which indicate progress 

of a high order. The trend for larger capacity continuous furnaces for treating specialised products 

has continued and, while orthodox designs predominate, improvements in detail have increased their 

efficiency. Attention has been directed to the design of semi-continuous and batch furnaces with a view 

to improving their flexibility and range of temperature for general purpose work. Although neces- 
sarily incomplete, this review indicates the general trend of progress in this field, 


associated with hardening and tempering, but 

today it is applied to a number of processes in- 
volving the heating and cooling of solid metal, including 
such operations as, stress-relieving, annealing, normalis- 
ing, carburising and nitriding, and in making a choice of 
heat treatment plant it is important to assess carefully 
the factors involved in the treatment contemplated. 
Whatever form of heat is applied, the manner in which it 
reaches the surface of the material or component under- 
going treatment is of great importance. Closely asso- 
ciated are those factors which concern time and rate of 
heating and cooling. Ideal conditions can more nearly 
be approached when a furnace is to be designed for the 
heat treatment of mass-produced components, similar in 
size and design and of uniform section. Even so, the 
heating and cooling medium must be applied uniformly 
to the whole surface of each individual component, at the 
same temperature, at the same time, and in the same 
atmosphere, to produce uniformly heat treated products. 
Such conditions are more nearly approached with 
furnace units specially designed for mass production of 
parts involving a very precise and clearly defined treat- 
ment and output. In such cases the allowable margin to 
cover contingencies and unknown factors is much 
reduced, but a fair measure of flexibility of output and 
range of temperature is demanded in many types of 
general purpose furnace. It is important to remember 
that uniformly good heat treatment is not merely a 
matter of good intent ; it is also a question of first-class 
modern plant and equipment and of trained metallurgical 
staff. With the best will in the world—even with good 
staff—a good heat treatment job cannot be done without 
up-to-date furnaces and modern control equipment. 


A’ one time the term * heat treatment " was mainly 


Reheating Furnaces 


Heat treatment is not solely concerned with the final 
heating and cooling operations to produce the properties 
desired in the final product ; the process begins with the 
initial operation preparatory to fabricating. This initial 
heating has a marked influence on subsequent heat 
treatment and machining operations and on the results 
obtained in service from the finished product. In this 
connection reference has been made in previous reviews 
of the introduction of electric heating to soaking pits ; 
a more recent development in the heating of steel ingots 
and slabs is the addition of oil firing in the case of the 
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Courtesy of Stein & Atkinson, Lid. 


Fig. 1.-An electric soaking pit, with the addition of oil 
firing, for the heating of ingots and slabs. 


* Elpit ’ electric soaking pit, shown in Fig. 1, a number 
of which are in operation and under construction. This 
design is particularly suitable for large thick pieces 
which are not suitable for heating in conventional soaking 
pits or continuous furnaces. The system can also be 
used for other furnaces where the advantage of fast and 
economic reheating with liquid or gaseous fuel can be 
combined with the high degree of uniformity of tempera- 
ture and minimum surface contamination obtainable by 
electric final heating. 

The oil burners are arranged above the resistor 
troughs with the products of combustion outlet ports at a 
low level. They are used to heat the charge to a pre- 
determined temperature, when they are turned off and 
the waste gas flues isolated from the pits, the final heating 
being carried out electrically. In the event of failure of 
oil fuel or electricity, the whole of the heating may be 
carried out by the remaining heat source. Selection of 
heat source is available for particular applications. 

A modified technique had been developed for heating 
alloy steel billets preparatory to forging, using a triple- 
chambered town’s-gas fired furnace such as that shown in 
Fig. 2. In this design, the centre chamber is used to 
preheat the alloy steel billets prior to their being charged 
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Courtesy of Gibbons Brothers Ltd. 


Fig. 2._-A triple-chambered town’s-gas fired furnace for 
heating alloy steel billets preparatory to forging. 


into higher temperature chambers arranged on either 
side. Waste gases from these two chambers are utilised 
for this preheating purpose. Both the high temperature 
chambers are provided with Honeywell floating tempera- 
ture control and all doors are operated electrically. The 
billets are charged by a mobile handler with extended 
manipulator. 

For special steels the heating requires to be particu- 
larly accurate with regard to time/temperature, oxida- 
tion control, uniformity, etc., and it is necessary to keep 
the product in the hottest part of the furnace for the 
minimum of time consistent with obtaining correct 
heating. With billets of differing cross section, a further 
problem arises in their passage through the furnace. To 
meet these conditions a system of moving the billets 
through the furnace known as the “ notched hearth ”’ 
system has been developed. This system is applicable 
to single or multi-zone fired furnaces, depending upon the 
capacity required, and arranged with either flat hearth or 
walking beam preheating sections prior to the final 
heating. The system consists of a series of V-notches, 
the billet being pushed from notch to notch by rods 
sliding in guides and operating through the hearth of 
the furnace. As the billets pass from one notch to the 
next they are automatically turned over, so that, each 
face is exposed in turn, a procedure resulting in rapid 
heating with the minimum of oxidation and decarburisa- 
tion. Ina typical example of heating in a notched hearth 
furnace, each face of the billet is exposed to radia- 
tion for 44 minutes only, i.e. six periods of 45 seconds, 
whereas for the same output with a flat soaking hearth, 
the billet would remain on the hearth for 20 to 25 minutes. 
The furnace is claimed to be easy to run and readily 
adaptable to the heating curves of different grades of 
steel. The notched hearth section can easily be emptied 
whilst leaving the charge in the lower temperature 
preheating zone without risk of oxidation. A furnace of 
this type is shown in Fig. 3. 

When site conditions and stock formation allow or 
require the charging and discharging positions of a 
furnace to be in close proximity, the rotary hearth 
furnace provides a satisfactory solution to the problem of 


continuous heating of billets for forging. In certain 
applications the same door can be used for both loading 
and unloading. This type of furnace can be constructed 
without resort to any extensive metal work in the 
furnace chamber, and for this reason is often preferred 
for high temperature processes such as heating for 
forging. 

In an automatic machine made by Birlec-Efco 
(Melting), Ltd., for supplying induction heated billets to 
a forging press, the billets are loaded on to a conveyor 
and run on to platforms underneath the top path of the 
conveyor. These platforms lower, in sequence, the 
billets from the conveyor pockets on to a chute. A 
pusher then moves the billet for a predetermined distance 
into an induction heating coil of which, in this particular 
instance, there are three: the coils are charged in 
sequence. After a fixed heating time, controlled by a 
timer, the pusher releases the billet, which runs down 
the chute and discharges to the forging press. The coils 
are arranged at an angle to the horizontal so as to 
facilitate a gravity discharge and ensure emptying of the 
coil and the clearance of any scale. 

During manufacture of leaf springs, means must be 
available for heating the ends of the leaves only for eye 
rolling ete., and a gas-fired furnace for this purpose 
(Fig. 4) was installed recently by Dowson & Mason, Ltd., 
at the Crewe works of the British Transport Commission. 
The furnace chamber has internal dimensions 3 ft. wide 

7 ft. 9 in. long and is capable of a throughput of 100 
leaves per hour—two heats per leaf (i.e. each end of the 
leaf) to 1,200° C.—the leaves being at 600°C. when 
inserted. Each side of the furnace has fourteen entry 
holes for the springs, and to protect the operators from 
unnecessary heat, there is a radiation shield, behind 
which a number of air jets blow vertically upwards from 
the sill plate. Both sides of the furnace are identical to 
serve two independent gangs of operators simultaneously. 

During the last few years, considerable development 
has taken place in the application of oil fuel, and success- 
ful experiments carried out by David Etchells (Furnaces), 
Ltd., have resulted in a new burner design which provides 
high intensity combustion. When applied to oil-burning 
furnaces, this burner, which is now covered by British 


Courtesy of Stein & Atkinson, Ltd. 


Fig. 3._-A notched hearth furnace for the heating of billets 
of differing cross section. 
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patent, operates on a two-stage type of combustion. The 
oil is first atomised and then volatilised before being 
burnt, so that it burns in exactly the same way as a gas. 
There is a complete and intimate mixture of fuel and air, 
producing a clean, hot gas. Luminosity is no longer 
required: in fact, furnaces operate more effectively 
without it. Hot spots are no longer created in furnaces. 
The hot gases produced pass into the work chamber and 
heat is transferred to the work in the furnace by convec- 
tion and radiation from the walls of the chamber. As the 
gas has a high velocity, the excellent scouring action 
sweeps away the cold envelope enclosing the load. The 
burners prove most satisfactory with an excess of air 
of 2-5, but a reducing atmosphere having 14-24°, CO 
can be maintained without smoke and with little lumino- 
sity. This principle of high intensity combustion has 
been applied to several types of heat treatment furnace, 
both batch and continuous, an example being the furnace 
shown in Fig. 5. designed for heating bars for automatic 
nut forging. 


Courtesy of Dowson & Mason, Ltd. 


Fig. 4.--Gas fired slot furnace installed at the Crewe 
works of the British Transport Commission for heating 
the ends of spring plates. 


Fig. 6 shows a handy furnace for the heating of pipes 
prior to bending ; it is capable of taking such pipes up to 
a diameter of 8 in., the heated length being 3 ft. 6 in. 
The furnace can be used for heating either the centre of a 
pipe or the ends only. The cover is counterbalanced and 
in two halves to assist manipulation of work pieces. 
The furnace is fired by town’s gas and was supplied by 
Dowson & Mason, Ltd., to Hall, Russell & Co., Ltd., 
Aberdeen. 

During the last few months an agreement has been 
reached with Graneo Inc., U.S., by which AEI- 
Birlec, Ltd., can now offer to firms in G.B., Europe and 
the Commonwealth countries, the Granco gas-fired rapid 
billet heating furnace, which has many outstanding 
features. This furnace has extremely rapid contact 
flame heating and is built in a range of sizes for billets 
up to 18 in. diameter and of any length. Billet diameter 
can be varied widely without the need for furnace 
adjustment or parts change. The combination of speed 
and economy is particularly suited for heating light 
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Courtesy of David Etchells (Purnaces), Ltd, 


Fig. 5.--A furnace for automatic nut forging which is 
heated by a new design of high intensity combustion 
burner. 


alloy extrusion billets, for which this furnace is used 
extensively in America. Heating rates of the order of 
1 in. diameter per minute are obtained with aluminium. 
Incorporating electronically operated automatic tempera- 
ture controlling devices, the Birlec-Granco furnace, 
shown in Fig. 7, is adaptable to any press; it occupies 
little floor space and can be equipped with automatic 
billet loading and transfer mechanisms to make an ideal 
shop layout. 


Stress Relieving 

Residual stresses are frequently encountered in com- 
ponents that have been fabricated or cast ; temperature 
differences are the primary cause. For many purposes 
it is essential that these stresses be removed by mechani- 
cal or thermal treatment. In this connection, Barlow- 
Whitney, Ltd., have developed a range of special fur- 
naces for carrying out thermal stability tests on high 
speed turbine rotors. Such rotors require most careful 
balancing, and it is vitally important that they remain 
free of any distortion when heated-up and cooled-down 


Courtesy of Dowson & Mason, Lid. 


Fig. 6.-Gas fired furnace for heating pipes prior to 
bending. 
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Courtesy of AEI-Rirlec, Lid 


Fig. 7.—-A new Birlec-Granco gas-fired rapid billet heating 


furnace for billets up to 18 in. in diameter. 


under working conditions. These furnaces enable the 
necessary stress-relieving operation and thermal stability 
tests to be carried out simultaneously. The heat treat- 
ment is carried out to a precise heating and cooling cycle, 
the rotor being slowly rotated and continuous measure- 
ments taken of any deformations. The furnaces are of 
the forced convection type with an external electric 
heater battery, ensuring uniform temperature up to 
650° C. A feature of special interest, which will be noted 
in Fig. 8, is the sectional construction of the furnace 
chamber, the length of which may easily be varied to 
suit rotors of different sizes. The range covers diameters 
from 2 to 8 ft., with ratings of 40-200 kW. 

Although welded structures have displaced many 
types of steel castings, the problem of residual stresses 
has still to be overcome, and many large furnaces have 
been designed and built for stress relieving. Typical 
of them is that shown in Fig. 9, which has recently been 
put into commission for dealing with large mild steel 
fabrications and gear blanks. Internally this furnace is 
20 ft. long x 10 ft. wide « 7 ft. high. It isa bogie hearth 
type electric furnace and to increase the rate of heating 


Courtesy of Barlow-W hitne w, Ltd. 


Fig. 8.-One of a series of furnaces designed for carrying 
out thermal stability tests on high speed turbine rotors. 
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Courtesy of The General Electric_Co., Lid. 


Fig. 9. -A 600 kW. bogie hearth furnace installed at the 
Redcar works of Dorman Long (Steel), Ltd. 


and assist in maintaining a uniform temperature through- 
out the interior, four centrifugal-type fans are mounted 
in the arch roof. The furnace is rated at 600 kW., the 
heating elements being arranged in four separately- 
switched circuits with delta /star control, enabling the 
rating of each circuit to be reduced to one-third of its 
maximum, Bogie operation is by means of a motorised 
winch mounted in the floor of the building and con- 
trolled from a suitable point in front of the furnace. 
Sand sealing is adopted on the bogie. 

In previous reviews we have referred to Dowson & 
Mason, Ltd., as designers and builders of large bogie 
hearth furnaces. An interesting example is the stress 
relieving furnace recently installed at the Dalmuir Works 
of Babcock and Wilcox, Ltd., and shown in Fig. 10. 
This furnace is 28 ft. wide « 15 ft. high = 32 ft. long, 
and the bogie is designed to take a load of 100 tons. 
Firing is by town’s gas, and to obtain close uniformity 
of temperature in a chamber of this size, burners are 
placed in the rear wall and across the front of the bogie 
in addition to those in the side walls. The flat roof is 
suspended and the door is cross-traversing, suspended 
from an overhead gantry, and electrically operated. 
There are multiple small flue ports in the surface of the 
hearth, connecting with collecting flues formed in the 
hearth brickwork which run longitudinally backwards to 
the rear wall of the furnace, where they communicate 
with a main flue and chimney system. This design was 
adopted to obtain uniform temperature conditions in the 
large fabricated mild steel rings for which the furnace 
was primarily required, but outsize furnaces of this type 
are expected to cope with a variety of components and 
products as, for example, the pressure vessel shown in 
the illustration. 


Thermic Equipment and Engineering Co., Ltd., are 
now manufacturing the newly developed and patented 
Thermic-Schoppe combustion chambers for use in all 
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Courtesy of Dowson & Mason, Lid. 


Fig. 10._-An outsize stress relieving furnace installed at 
the Dalmuir works of Babcock & Wilcox, Ltd. 


types of heating appliances, both oil and gas fired. Fig. 
11 shows a stress relieving furnace in which they are used. 
It is a continuous oil fired furnace having conventional 
slat conveyor chains for moving high quality castings 
through the furnace. The combustion chambers have 
been applied as though they were town’s gas burners, 
that is at intervals along the side of the furnace, firing 
through burner ports in the side walls. The products of 
combustion enter the furnace chamber upwards behind 
a guard wall and are drawn down through the work and 
conveyor to flues arranged in the centre of the hearth. 
Not less than 85°, of combustion takes place inside the 
Thermic-Schoppe combustion chamber, the product of 
combustion containing not more than 5°, excess air. 
The combustion chambers are fitted with spill-over type 
air atomised medium pressure oil guns, to give accurate 
single point proportional control of multiple combustion 
chambers and a turn down of 10: 1 for the “ stand-by ” 
condition. With the aid of this controlling system and 
the combustion chambers, the furnace atmosphere is 
kept at a constant analysis and uniform temperature. 


Annealing and Normalising 


The annealing operation consists in heating the material 
to some predetermined temperature, holding the tempera- 
ture constant at the predetermined point for a given 
length of time, and cooling at a predetermined rate to 
atmospheric temperature. There may be one or more 
of several objectives involving annealing, but, mainly, 
its purpose is to modify the structure of the material to 
facilitate fabrication. Many types of furnace have been 
designed for this form of heat treatment and develop- 
ments in their design are frequent. In batch annealing of 
tinplate and sheet coils, for instance, a large part of the 
total cycle time is taken up by the cooling period, in 
which the coils are cooled from their annealing tempera- 
ture to a temperature low enough for them to be exposed 
to the atmosphere without impairing the surface appear- 
ance. In collaboration with the Steel Company of 
Wales, Ltd., Salem-Brosius (England), Ltd., have in- 
stalled equipment to reduce the cooling period and this 
development is the subject of a patent held by the 
Steel Company of Wales, Ltd, 
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Courtesy of Thermic Equipment & Engineering Co., Ltd, 
Fig. 11.--A stress relieving furnace incorporating the 
newly developed and patented Thermic-Schoppe combus- 
tion chambers. 


Investigations have shown that, on a multi-stack 
large capacity base, the cooling time is determined by 
the temperature of the bottom coil. A method has been 
devised for accelerating the cooling of these multi-stack 
units by the cooling and recirculation of the protective 
atmosphere gas during the cooling cycle, and a number 
of bases have been installed and operated successfully 


for some time. The basic design of the system is shown 
in Fig. 12, an important feature being that no auxiliary 
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Courtesy of Salem-Brosius ( England), Lid. 
Fig. 12._-Showing the system developed for reducing the 
cooling period in the batch annealing of tinplate and sheet 
coils. 
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Courtesy of Salem-Brosius (England), Ltd. 


Fig. 13.—-A typical single-stack direct-fired annealing 
plant. 


fans are required. The normal base fan circulates a 
proportion of the protective atmosphere gas through an 
external cooler, from which it re-enters the hearth on 
which the coils are stacked. During the heating and 
soaking periods a valve in the cooling circuit is closed, 
thus preventing the cooling of any of the atmosphere 
gas in circulation around the coils. From such multi- 
stack accelerated cooling bases now in operation, the 
cooling time has been reduced to below that of the 
combined heating and soaking time, and the bottom 
coil has cooled as fast as the top coils. The great merit 
in using these accelerated cooling bases is that the size 
of the building necessary for a large tonnage batch 
annealing plant, using fixed bases and portable cover 
type furnaces, would be much reduced for a similar 
output and, consequently, for a new installation, there 
would be a saving in capital costs. 

It is still normal practice in batch annealing to use 
sand or similar material as a sealing medium for the inner 
covers, although liquid seals have been used to obviate 
the hazard of sand or dust on the coils, due to the re- 
circulation of the atmosphere gas inside these inner 
covers and around the coils. The sealing now being 
installed in the Salem /Ludwig single stack units can be 
regarded as a major development, since it can be termed 
a mechanical seal, no separate sealing medium, such as 
sand or liquid, being used. The adoption of this seal has 
eliminated the possibility of any trouble due to con- 
tamination of the atmosphere, or due to sand or dust, 
when high-powered atmosphere gas recirculating fans 
are used ; a further advantage in the use of this type of 
seal is a reduction in the consumption of protective 
atmosphere gas needed, particularly when annealing 
cleaned plate. The first large tonnage annealing plant 
in Britain, consisting entirely of single stack furnaces, 
is now being built by Salem-Brosius (England), Ltd., in 
conjunction with Ludwig, Essen. The furnaces are 
direct-fired and incorporate air recuperation with a 
resultant reduction in fuel consumption. Fig. 13 shows 
part of a typical single stack annealing plant. 

A commercial method for changing and controlling 
the composition of steel is the direct outgrowth of the 
relatively new open coil annealing process. Developed 


by the Lee Wilson Engineering Co., Inc., Cleveland, the 
new method makes it feasible to remove or add carbon, 
nitrogen and other alloying elements that can be gasified 
during the annealing of commercial-size coils of rolled 
steel. It is known as the Lee Wilson open-coil process 
of gas alloying, for which the Incandescent Heat Co., 
Ltd., is the British Licensee. 

It may be noted here that Incandescent sheet annealing 
division is supplying fifteen 4-stack furnaces and fifteen 
single-stack furnaces and a total of seventy-two bases 
to handle 17,000 tons per week of steel in coils up to 
84 in. diameter, stacking height 180in., at the new 
Richard Thomas & Baldwins’ Spencer Works, Llanwern, 
nr. Newport. All these furnaces incorporate waste heat 
recovery. 

John Mathison, Ltd., have recently installed at the 
Coatbridge roll foundry of R. B. Tennent, Ltd., a gas- 
fired portable cover furnace with internal dimensions 
30 ft. long = 12 ft. wide x 7 ft. high and with a hearth 
capable of being loaded up to 100 tons. The maximum 
temperature is 1,100°C., and tests taken on the load 
during soaking show a maximum variation of +5° C. 
The furnace is designed so as to impart heat both under 
and over, as well as along either side of the charge, the 
combustion arrangements being such as to avoid flame 
impingement. Preheated air and gas are intimately 
mixed in a venturi throat at high velocity and from 
thence reduced in velocity into a special high alumina 
refractory burner quarl. The vertical flames which 
impart heat to either side of the charge are developed 
in rectangular slots along the hearth, whilst the horizontal 
flames are directioned through restricted orifice burner 
quarls. A multiplicity of counterflow recuperators is 
used for preheating the air for combustion and ensuring 
sound fuel economics. The combustion products are 
exhausted from the waste gas flues under the refractory 
base to waste gas stacks which link up with the outside 
of the building. The pressure inside the furnace is 
controlled by a regulator operating on the waste gas 
damper. Safety devices are fitted to cope with failures 
of gas or air, or with electrical or mechanical failure 
likely to result in air failure. 


Courtesy of Brayshaw Furnaces Ltd.) ; 

Fig. 14.-Bar annealing furnace at Gillot’s Forge and 

Rolling Mills, Ltd., with electric charging machine in 
operation. 
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Roll treatment calls for programme control of the 
temperature, involving as it does an extremely slow rise 
in temperature from cold, with accurately controlled 
intermediate soaking periods, carefully regulated rise 
in temperature through the critical ranges, followed by 
equalising treatments, then a more rapid rise in tempera- 
ture up to the desired final temperature. Automatic 
pyrometric control gear is fitted, the burners being 
grouped in three zones, each having its own recording 
controller, the latter being regulated by means of a 
master programme controller. Each zone is regulated 
from its own master valves, both air and gas. A by-pass 
arrangement for air and gas is also fitted so as to maintain 
the flame from the minimum to the maximum rate. of 
fuel consumption. 

In a charger hearth type furnace for bar annealing in 
the temperature range 500° —1,000° C.—designed to heat 
a load of 5 tons to 850° C. in approximately 5} hours 
from cold—Brayshaw gas and air blast self-proportioning 
single-lever Venturi-type burners situated along each 
side of the furnace fire into the work chamber immed- 


Courtesy of AE 1-Birlec, Ltt 


Fig. 15.--A nitrogen generator for India to produce 
atmosphere for bright annealing furnaces. 


iately beneath the arch to avoid flame impingement on 
the work, and also under the hearth to provide bottom 
heat to the load. The burners are arranged in three 
zones for automatic temperature control by Electrofio 
instrumentation which includes programme control and 
recording equipment. 

The furnace (Fig. 14) is loaded by an electric two-arm 
charging machine arranged for forward, reverse and 
traversing movement. Hard quality firebrick is used 
for the furnace hearth and charger piers, the arms of the 
machine running on heat resisting steel flats. The 
furnace lining comprises hot-face refractory insulation 
backed by firebrick and designed for a normal 24 hour 
heating and cooling cycle. 

A number of items of Birlec equipment has been 
ordered for operation in India. They are of a special 
nature and include a bell furnace, a roller hearth furnace, 
a nitrogen generator, and adsorption and refrigeration 
dryers. The roller hearth furnace, which is for annealing 
steel strip in coils or lengths, has a maximum output of 
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Courtesy of G.W.B. Furnaces, Lid 


Fig. 16.—-A large flash annealing furnace for sheet up to 
8 ft. wide. 


2 tons per hour when annealing coils at the temperature 
of 680°—700° C. It will accept coils up to 4 ft. diameter 

and is rated at 525 kW., divided into five zones. Zone 1, 

rated at 185 kW., is supplied through a step-down 

transformer for cast grid elements ; the remaining zones 

have tape elements on mains voltage. The bell furnace 

has three hearths, each being provided with a cylindrical 

bell-shaped cover fabricated from nickel-chrome alloy 

sheet. 

The nitrogen generator for this plant, has an output 
of 3,000 cu. ft./hr., the gas, which is derived from a 
kerosene /air mixture, being delivered to the furnace at 
a very low dewpoint. The atmosphere plant, shown in 
Fig. 15 operates on the cycle of mix, partly burn, cool, 
demist, and refrigerate, the resulting atmosphere being 
used in the bright annealing process. 

A flash annealing furnace which will take sheet up to 
8 ft. wide, working in conjunction with a new strip mill 
devoted to the rolling of aluminium alloys, has recently 
been installed at the Quinton Woodgate Works of 
Birmetals, Ltd. This Sendzimir mill, the first of its type 
to be used for this purpose in Europe, rolls the alloy in 
strip form at 1,600 ft./min. The furnace equipment 
designed and manufactured by G.W.B. Furnaces, Ltd., 
has four working zones totalling 600 kW. During the 
early commissioning stages of this furnace, extensive 
tests were carried out to ensure the maximum uni- 
formity of material heating across the width. Eight 
patent centrifugal fan units are mounted on one side of 
the furnace chamber, and these, working with the 
requisite system of air directing baffles, provide the 
charge with an evenly distributed flow of hot air. 

The production of aluminium alloy articles involving 
a pressing operation inevitably brings in the question of 
the grain size of the metal of which the items are com- 
posed. Generally, the smaller the grain size, the better 
the deep drawing properties of the material and the 
quality obtainable on the final product. The continuous 
flash annealing process is ideal for this purpose, heating 
the material to the required temperature in the shortest 
possible time and ensuring, as far as is possible, that the 
whole charge passes through the same temperature cycle. 
The present furnace, a general view of which is shown in 
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Courtesy of Brayshaw Furnaces, Ltd. 


Fig. 17.--A gas-fired controlled atmosphere muffle 
furnace installed for the normalising of low-alloy steel 
sheets. 


Fig. 16, has the following effective dimensions : loading 
length 6 ft., heating chamber 40 ft., cooling chamber 70 
ft., unloading table 6 ft., and a width of 8 ft.6in. It was 
designed to give a nominal throughput of 2 tons per hour, 
although figures far in excess of this have, in fact, been 
achieved. 

A gas-fired controlled atmosphere muffle furnace has 
been installed for normalising low-alloy steel sheets, 
ranging from 12 to 22 s.w.g. It is designed to cperate in 
the temperature range 650°-1,000° C. and is of the 
underfired type, complete with exothermic furnace 
atmosphere generator capable of producing 2,000 cu. 
ft./hr. The muffle, 4 ft. wide « 10 ft. 6 in. long, is of 
sillimanite backed to the furnace casing by refractory 
insulation to reduce heat losses to a minimum. Heating 
is effected by burners of the Brayshaw wide-range 
nozzle-mixing design, firing alternately from each side 
of the furnace and under the hearth, the products of 
combustion passing up the side walls and round the 
muffle before being exhausted to atmosphere. The 
burners are suitable for consuming town’s gas in con- 
junction with air at a pressure of 18 in. w.g. This furnace, 
shown in Fig. 17, has a maximum gas consumption of 
2,500 cu. ft./hr., and will maintain an output of 800 Ib. 
of sheets at a temperature of 970° C. on approximately 
1,900 cu. ft./hr. The furnace is automatically controlled 
in two zones by Electroflo indicating and controlling 
three-position instruments operating in conjunction with 
gas and air proportioning equipment. 

True bright annealing has always been difficult for 
producers of stainless steels and other chromium-con- 
taining alloys. Acceptable results have been obtainable 
in certain cases—wire and narrow, thin strip—by heating 
in a muffle purged with very pure hydrogen or nitrogen- 
hydrogen mixtures. This practice has the severe limi- 
tation of recurrent muffle repair or replacement costs, 
and satisfactory muffles have not been available for 
any but narrow furnaces. Within these limitations 
several Birlec furnaces have been installed for this work 
during the past twenty years, but development of 
improved designs has been actively pursued in the research 
department of AEI-Birlec, Ltd., which has resulted 


Courtesy of Stordy Engineering, Ltd. 
Fig. 18.—-One of two stain-free annealing furnaces in- 
installed in a large aluminium works in Canada. 


in a new design of furnace needing no muffle ; a prototype 
to this design has now been in operation for several 
months with highly satisfactory results. 


Based on the use of a special type of refractory for 
the lining, this new furnace breaks through the limi- 
tations of the muffle type in several respects. The 
electric heating elements radiate directly on to the work, 
without the intervening obstacle of the muffle wall, and 
therefore permit higher heat inputs and higher work 
temperatures than could be safely used in the old design. 
Means for conveying the material through the furnace 
are no longer limited to those which could be contained 
within a muffle. Furnace chamber size and shape is 
similarly freed from restrictions imposed by muffle 
design. The design is based on the continuous passage 
of the material, because of the time required to establish 
in the work chamber a protective gas atmosphere of 
sufficient purity to give truly non-oxidising conditions. 

This furnace, in its prototype form, is designed for the 
continuous bright annealing of strip which passes hori- 
zontally through the consecutive heating and cooling 
chambers. Special gas seals at the ends reduce the loss 
of atmosphere gas (cracked ammonia or hydrogen) to a 
minimum and rollers support the moving strip. A vertical 
version of the furnace is available for dealing with highly 
finished strip which must not come into contact with 
rollers or other supports while heated, but the horizontal 
type is adaptable to handle tubes or other forms of 


material on a moving belt or roller conveyor. 


The increasing demand for a bright, stain-free end 
product has caused a close study of the probable causes 
of staining, ete., of aluminium stock, and the recent 
tendency has been to anneal under inert atmosphere 
conditions. The annealing operation is normally through 
a temperature range of 350°-450° C., and the furnace 
shown in Fig. 18 is one of a number installed by Sturdy 
Engineering, Ltd., designed not only to attain close 
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Fig. 19. -One of several continuous pusher type furnaces 
by Metalectric Furnaces, Ltd., employing apron type alloy 
trays for carrying the components. 


temperature control, but to carry out the treatment under 
suitable atmosphere conditions. The illustration shows 
one of two furnaces installed in a large aluminium works 
in Canada, which has been in production operation since 
last September and has more than satisfied the very 
stringent conditions laid down at the time of ordering. 

The furnace has a working length of 15 ft., a width of 
7 ft 6in. and a height of 6 ft. 9in., and is fitted with 
three large volume axial flow high temperature circulat- 
ing fans, situated in the roof of the furnace. The total 
volume handled by the three fans is in excess of 100,000 
cu. ft. of air per minute, so that a highly turbulent con- 
dition exists over the whole of the work space. Arranged 
for electric heating, this furnace has a total connected 
heater load of 900 kW., the heater banks being suitably 
sub-divided and, by means of the selector switches 
incorporated in the contactor gear, enabling close 
temperature control to be achieved without sacrificing 
fast heating-up rates. It is capable of handling charge 
loads of the order of 40,000 Ib. of aluminium at one time. 

The method of loading is by means of an existing 
charging machine of the three-arm pattern, and the 
hearth design avoids any refractory, thus maintaining 
clean, dust-free working conditions. The door sealing 
frame is water cooled and an adjustable asbestos primary 
seal (also water cooled) and a pneumatic clamping gear 
of the cam-operated pattern, have been provided, the 
door itself being motorised and counterbalanced. 

Fig. 19 shows one of several electrically heated con- 
tinuous pusher type furnaces recently installed, having 
a throughput of 25 cwt. hr. An interesting feature are 
the apron type special alloy trays used for carrying the 
components, these being pushed along rails running 
through the installation and matching together to form 
an unbroken conveyor line. By this method very high 
loading densities are achieved when operating at nor- 
malising temperatures. Progress of the trays through 
the furnace is established by an automatic, timer- 
controlled, sequence-operated, hydraulic pusher system 
and, after discharging, the trays are simply returned to 
the charging end by overhead mono-rail conveyor. 
Other notable features are removable hearth heating 
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elements, scale removal pockets, and a forced cooling 
section at the discharge end. For cycle annealing, 
cooling equipment is embodied in the furnace structure. 
This furnace is of the multi-zone type and the connected 
rating is 550 kW. 

An installation which forms part of the expansion 
programme at the Bromford Works of Stewarts and 
Lloyds, Ltd., is shown in Fig. 20. It is designed for the 
heat treatment of tubes and has an electrical rating of 
1,000 kW. and a maximum operating temperature of 
1,000° C.: it is capable of accepting a 15 ton charge of 
tubes having a maximum length of 50 ft. There are 
five separate heating zones along the length of the furnace 
chamber and powerful air circulation fans are mounted in 
the heating chamber roof. To cover the wide range of 
critical cooling speeds of the various tube steels, furnace 
cooling with or without protective atmosphere, charging 
machine air-blast cooling, and a cooling chamber capable 
of accelerated or retarded cooling, are all provided. The 
necessary protective atmosphere is available from a 
generator which produces nitrogen by the combustion of 
town’s gas and air, subsequent removal of both carbon 
dioxide and water vapour giving an atmosphere con- 
taining approximately 99°, pure nitrogen. 

Fig. 21 illustrates the larger of two bogie hearth gas 
fired recirculation type furnaces recently installed at the 
Parkhead Steel Works of William Beardmore & Co., Ltd., 
for the treatment of large steel forgings and castings at 
temperatures between 150° and 950°C. The bogie has 
a nominal working area 12 ft. wide « 50 ft. long, with a 
loading capacity of 250 tons. High velocity recirculation 
of the products of combustion is used as the heating 
system, the furnace being divided ‘into six separate 
zones, each with its own combustion chamber and 
recirculating fan unit mounted on top of the furnace. 
This system ensures rapid and even heating and heat 
distribution within a very low tolerance. The combustion 
system is fully safeguarded by electronic flame failure 
equipment on the main and pilot assemblies together 
with a pressure air failure device. Control of the furnace 
temperature is effected by Honeywell automatic 
temperature and pressure control instrumentation. 


Courtesy of Stewarts and Lloyds, Lid. 


Fig. 20.-Designed by Metalectric Furnaces, Ltd., for the 
treatment of tubes, this furnace will accept a 15-ton charge 


with a maximum length of 50 fr. 
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Courtesy of Brayshaw Furnaces, Ltd. 


Fig. 21.--The larger of two bogie hearth furnaces for the 
treatment of large steel forgings and castings. 


As part of a development project at the works of 
Earle, Bourne & Co., Ltd., four electric batch furnaces 
have been put into commission during the last few 
months for annealing brass strip. In addition to the 
furnaces, which are shown in Fig. 22, the installation 
includes a heavy duty steelworks-type turntable charging 
machine of Gibbons-van-Marle design and five loading 
tables. Each furnace is 20 ft. long = 5 ft. wide 3 ft. 
in. high to the crown of the door opening. Each is 
rated at 342 kW. in three zones, and is designed for 
operating up to a maximum temperature of 750°C. 
Two of the furnaces are equipped with reduced rating 
input control, so that they may operate, with close 
temperature uniformity, at lower temperatures for 
charges requiring stress relieving. Five waffler type air 
circulating fans are fitted in the roof of each chamber, 
use being made of an independent motor drive. The 
electrical equipment to each furnace comprises a switch- 
gear cubicle working in conjunction with an Ellison oil- 
immersed circuit breaker, and the temperature control 


Courtesy of G.W Furnaces, Ltd. 
Fig. 22.—Brass strip coils being withdrawn from one of 


four batch furnaces recently installed at Earle, Bourne & 
Co., Ltd. 


is by three Electroflo indicating controllers and an 
Electroflo three-point recorder. Safety contacts are 
fitted to these recorders so that the main electric supply 
is cut off automatically in the event of accidental 
overheating, so isolating the furnace. At present these 
furnaces are working 24 hours-a-day. 

New annealing equipment has been installed by Ley’s 
Malleable Castings Co., Ltd., for the treatment of 
pearlitic blackheart malleable castings, for which there is 
a growing demand in the automobile and allied industries. 
It is a continuous equipment with a minimum capacity 
of 150 tons per week ; continuous equipment was decided 
upon to obtain the very fast and uniform cooling 
required after the high temperature part of the annealing 
cycle to provide high quality products. 

The plant comprises a furnace for the high temperature 
treatment, followed by a charge dumper and air blast 
cooling conveyor and, finally, a low temperature furnace 
with cooling station and tray discharge gear. Conveyors 
are included for returning the trays to the charging areas. 
The furnaces are of the pusher tray design with hydraulic 


Courtesy of AE1-Birlec, Ltd 
Fig. 23._-Charge end of multi-track high temperature 
furnace of installation for the treatment of pearlitic black - 
heart malleable castings. 


operation and automatic sequencing throughout, the 
complete plant being operated by two men only, with 
the necessary occasional supervision of the heat treatment 


superintendent and laboratory personnel. The charge 
end of the multi-track high temperature furnace is shown 
in Fig. 23. It is noteworthy that this plant has now been 
operating under normal conditions for almost a year, 
from which it is clear that the chief aims, in quality 
of castings produced and reliability in service, have been 
achieved. 


Carburising 


Among the recent developments associated with 
carburising and carbonitriding furnaces, is that of a 
carbon potential controller, which has been developed by 
G.E.C. in conjunction with the Infra Red Development 
Co., Ltd. This controller will automatically adjust the 
carbon potential of the atmosphere of a carburising or 
other heat treatment furnace so that it is in equilibrium 
with any steel having a carbon content between 0-3 and 
1-2%. It is not only suitable for a new installation, but 
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Courtesy of International Furnace Equipment Co., Ltd. 


Fig. 24. Close-up of radiant-tube-heated gas carburising 
furnace. 


can easily be fitted to an existing furnace. In this case a 
gas probe and a filter are mounted on the furnace and a 
switch is linked with the lid of the furnace or to a circuit 
operated from the existing lid switch. The rest of the 
control gear is built into a steel cubicle. 

Operation of the carbon potential controller is based 
on the continuous analysis of the CO, content of the gas 
from the furnace. This is measured by an infra-red 
analyser, the output of which is fed to a central unit, 
which operates a motorised valve controlling the addition 
of the enriching substance. The process is controlled by 
a programme unit which, for carburising, provides for 
three stages: preheating, carburising and diffusing. 
During the preheating, no carbon-rich gas (or only a 
small amount) is added to the furnace; during the 
carburising period, the atmosphere is controlled to a 
carbon potential preset on a dial, and during the diffusing 
period the atmosphere is adjusted to another carbon 
potential on a second dial. At the end of the process, 
visible (or audible) warning is given to the furnace 


Courtesy of Ford Motor Co., Lid. 


Fig. 25._-Hardening and tempering plant by Metalectric 
Furnaces, Ltd., with a sealed quench furnace for hardening. 
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operator. The duration of the various periods is 
adjustable by time dials. 

In controlled atmosphere furnaces for gas carburising, 
carbonitriding, malleable annealing etc., the work is 
enveloped in a mixture of active and diluent gases in a 
gastight chamber. To maintain control of the furnace 
atmosphere as required for desired results, the work 
chamber must be kept free from products of combustion 
when oil or gas heating is used. In the case of electrical 
heating it is often necessary to keep the heating elements 
out of contact with the furnace atmosphere. The use of 
muffle type construction is unduly expensive in the case 
of large furnaces and this situation led to the develop- 
ment of radiant tube heating. In this method, the heating 
medium is itself enclosed in small tubes or muffles which 
are inserted in the furnace chamber. Tubes may be 
heated by gas, oil, or electricity. Fig. 24 shows a close-up 
of a radiant-tube-heated gas carburising furnace, one 
example of the wide range of heat treatment plant 
manufactured by the International Furnace Equipment 


Courtesy of British Furnaces, Lid. 
Fig. 26._-Recently commissioned, this continuous car- 


burising furnace is the fifth of its type to be supplied to 
Vauxhall Motors, Ltd. 


Co., Ltd. In the event of tube failure, the individual 
tube can be quickly replaced from outside the furnace. 

A new system, which incorporates open type electric 
heating elements, has been developed by Metalectric 
Furnaces, Ltd., for use in carburising atmospheres. 
These elements, working on a low voltage, have a special 
coating which enables them to withstand the carburising 
action of the furnace atmosphere. Their use facilitates 
a high electrical rating as compared with the previously 
accepted elements contained in radiant tubes. A vital 
factor is the extremely fast heating time in comparison 
with similar size gas-fired furnaces and, particularly with 
short cycle carbonitriding, a much greater throughput 
for a given furnace volume. The sealed quench furnace 
shown in Fig. 25 is designed on this system, known as the 
Unicarb system. It has a connected rating of 71 kW. 
and the usable dimensions are 3 ft. 6in. long x 2 ft. 
3 in. wide x 1 ft. 3in. high. The quenching and charge 
and discharge mechanisms are fully automatic and the 
plant is complete with endothermic generator and propane 
and ammonia additive equipment. 
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Courtesy of British Purnacss, Ltd. 


Fig. 27.--Temperature control and sequence control 
panels for the Vauxhall continuous gas carburising 
furnace. 


The continuous gas carburising furnace, recently 
commissioned and shown in Fig. 26, is the fifth plant of 
this type to be supplied to Vauxhall Motors, Ltd., and 
is unique in that it is virtually two independent single 
track furnaces in one common shell. This is an advan- 


tage, since it can be used for treating any other type of 
component where necessary, without interfering with 
its main purpose, which is to provide full capacity for 


passenger vehicle rear axles and gear box components. 
The furnace is wholly automatic in operation and two or 
three men can operate the whole plant, which is equipped 
with a vast electronic control panel, incorporating 
safety interlocks, the whole being so designed that every 
stage of the operation can be observed. 

The heating, carburising and diffusion zones are heated 
by a number of British Furnaces suction-type radiant 
tube burners using clean and cool producer gas. These 
burners are grouped into five automatic temperature- 
controlled zones, and a special feature is the close control 
of the combustion-air gas ratio obtained by the use of 
two exhaust fans and proportioning equipment on each 
zone. Endothermic carrier gas and enrichment propane 
are supplied in correct proportions to the different zones, 
and adequate atmosphere circulation is obtained by the 
use of high powered air cooled fans. The endothermic gas 
is piped from a ring main system introduced by Vauxhall 
Motors a few years ago. 

A slot door is incorporated in the rear wall of the fur- 
nace, at the discharge end of each track, for the indi- 
vidual removal of components which require to be 
press quenched. In addition, a side discharge door is 
provided for each track leading into an enclosed vestibule 
mounted above a sealed oil quench tank, where the 
components and trays are mass quenched. After being 
carburised and quenched, the components are passed 
through a small oil blow-off chamber, in order to remove 
surplus oil, prior to entering a washing machine, followed 
by a tempering furnace. 

Where a wide range of heat treatment requirements 
render the use of continuous gas carburising equipment 
uneconomic, the sealed quench batch furnace is used ; 
some installations exist where continuous and batch 


carburising are complementary to each other. Where 
varied treatments are required at unspecified times from 
the same furnace, or group of furnaces, it is an obvious 
advantage if the treatment given to each charge can be 
automatically controlled by some pre-set means, in order 
to maintain uniformity of the product, yet be sufficiently 
flexible to be easily adjustable from charge to charge. 
Considerable thought has been given to the development 
of a control system which will permit maximum 
flexibility, with fully automatic operation. The latest 
system of British Furnaces, Ltd., (Fig. 27), uses six 
adjustable time clocks : timing pre-soaking, carburising 
(or carbonitriding), diffusing, equalising, quenching, and 


Courtesy of Incandescent Heat Co., Ltd. 


Fig. 28.-One of a range of furnaces installed for con- 
tinuous carburising and bulk quenching. 


vestibule purging periods, together with a 2-point tem- 
perature recorder-controller, working in conjunction with 
the furnace mechanisms, through an electrical sequence 
control panel. A selector switch is provided to cover the 
three basic cycles, i.e., carburising, carbonitriding, and 
reheating. With this system it is possible to cover a 
wide range of case depths and case characteristics, 
merely by tuning clock adjustments. In most instances, 
with alloy carburising steels, it is desirable to quench 
from a reduced temperature after carburising, which 
involves cooling the charge to a uniform temperature of 
say, 840°C, 

One of a range of furnaces being installed for the 
continuous carburising and bulk quenching of trans- 
mission components is shown in Fig. 28. This is a single 
track unit which can readily be incorporated in the 
smaller mass production shop. It offers, however, 
continuous and automatic treatment and is economical 
in capital and running costs : it is capable of outputs of 
600 Ib. /hr. of carburised work. Heating is by means of 
fuel-fired radiant Jetubes, made in spun cast alloy and 
of very robust construction. This method of heating 
gives close uniformity of temperature, high rate of heat 
transfer to the stock, the minimum of maintenance 
trouble, and high overall thermal efficiency. 

Two continuous gas carburising furnaces have been 
installed at the Radford Works of the Standard Motor 
Co., Ltd., by Gibbons Applied Atmospheres, Ltd. They 
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comprise identical single track pusher type turnaces, 
built by Thermic Equipment & Engineering Co., Ltd., 
and supplied with endothermic gas from a common 
range of generators. These furnaces (Fig. 29) are heated 
by Thermic radiant tubes, which are grouped in three 
controlled zones—heating, carburising, and diffusion—so 
that it is possible to heat up to carburising temperature 
as rapidly as possible and cool in the diffusion zone prior 
to quenching to minimise the retention of unchanged 
austenite. Three circulating fans are fitted, one in each 
zone, which have the double function of increasing the 
rate of heat transfer and ensuring the uniform distri- 
bution and flow of the carburising gases through the 
work stacked on the trays. All the moving parts on 
these furnaces are operated electro-mechanically through 
motors and reduction gears: they include the pushers, 
extractors, doors and lowerators, the only exception 
being the small door in the end wall through which press- 
quenched parts are withdrawn, which is operated by an 
electro-hydraulic thruster. 

The generator installation, supplied by Gibbons Applied 
Atmospheres, Ltd., comprises three separate combustion 
chambers, each containing two catalyst tubes, so arranged 
that it is possible to use any two of these at one time, the 
remaining one acting as a spare. The flow of endo- 
thermic gas to each furnace is split into three main lines, 
one to the heating and carburising zones, one to the 


Courtesy of Gibbons Applied Atmospheres, Ltd. 


Fig. 29._-Two continuous gas carburising furnaces, built 
by Thermic Equipment and Engineering Co., Ltd., and 
installed at the Radford Works of Standard Motors Ltd. 


diffusion zone, and the third supplying the vestibules. 
Facilities are available for the propane enrichment of both 
the main supply lines to the furnace, but, in practice, it 
has only been found necessary to enrich that going to the 
first two zones. The endothermic generators, which 
automatically respond to variations in demand, are also 
used to supply batch type hardening furnaces. 

For the continuous gas carburising of small parts 
either shaker hearth or rotary drum furnaces may be 
used. A recent installation of the rotary drum type is 
shown in Fig. 30; it comprises two furnace equipments 
which are being used at the Nottingham works of 
Raleigh Industries, Ltd., for the carbonitriding of cones 
and similar components, some trays of which are seen in 
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Courtesy of Wild-Barfield Electric Furnace Co., Lid. 


Fig. 30._-Two rotary drum furnaces for carburising small 
components. 


the foreground. The necessary atmosphere being con- 
trolled from the panel on the left of the furnace in the 
foreground, while on the right is a pneumatically operated 
quench basket extractor. 

An Efco electrically heated gas carburising furnace has 
been installed in the works of Richard Sizer, Ltd., (Fig. 
31), where it is used to carburise ring-type dies for use 
in machinery for extruding cattle feed. The largest 
dies measure 30in. outside diameter, 22 in. inside 
diameter and 8 in. deep, weighing approximately 5 ewt. 
To avoid distortion, the dies are loaded into the furnace 
operating at 500° C. and are heated to 850° C. in 6 hours. 
After soaking they are quenched in oil and then tempered 
at 450°C. This furnace, which takes a charge of three 
large dies or six small ones, is rated at 100 kW. and has 
fully automatic temperature controlling and recording 
gear. The carburising atmosphere is produced from a 
liquid hydrocarbon introduced into the furnace by drip 
feed. It is admitted to the furnace when a temperature 
of 650° C. has been reached. 


Courtesy of Efco Furnaces, Lid. 


Fig. 31.-Electric furnace for gas carburising dies for 
cattle food extrusion. 
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Courtesy of Wild-Barfield Electric Furnace Co., Ltd. 


Fig. 32.-Part of a shaker hearth furnace installed for the 
heat treatment of bearing parts. 


Electrically heated closed-quench furnaces have been 
installed during the period under consideration for gas 
carburising and carbonitriding small gears and pinions. 
One of these, made by Efco Furnaces, Ltd., provides 
a loading space 12 in. wide « 24 in. deep 10 in. high. 
It is equipped with a purge chamber, a water-jacketed 
cooling chamber, an oil quench tank with oil cooler and 
agitator, air-operated double-level quench elevator, and 
an atmosphere circulating fan, controlled atmosphere 
being supplied from an Efco endothermic generator. A 
junior furnace to this design has been introduced as an 
economical unit for dealing with a smaller volume of 
work. 


Hardening and Tempering 


Several types of hardening and tempering furnaces 
have been commissioned during the period of this review. 
Of interest is one of the shaker hearth furnaces forming 
part of a Wild-Barfield installation at the Stonehouse 
Works of Hoffmann Gloucester, Ltd., shown in Fig. 32. 


Courtesy of Efeo Furnaces, Lid. 
Fig. 34.--Continuous driven roller hearth furnaces in- 


stalled for hardening and tempering sprockets, hubs and 
shafts. 


Courtesy of Efco Furnaces, Ltd. 


Fig. 33. Two shaker hearth furnaces, with closed-quench 
facilities, for hardening springs. 


This furnace has two 12 in. hearth trays which run side 
by side through a chamber heated by tubular elements 
divided into two separately controlled zones. It will be 
noted that the equipment includes a continuous quench 
extractor for the automatic unloading of quenched work. 
Provision is made for a maximum operating temperature 
of 1,000° C. and the equipment is capable of handling 
400 lb. of hardened components per hour, depending on 
the type of component treated. Protective atmosphere 
is provided by an endothermic generator and is intro- 
duced into the furnace by means of two branched pipes, 
one of each leads into each of the two quench chutes. At 
the entry end of this furnace is a water-cooled hood, which 
reduces the amount of radiated heat and improves 
working conditions for the operator. 

Two shaker hearth furnaces providing closed-quench 
facilities (Fig. 33) have been installed by Efco Furnaces, 
Ltd., in the works of Herbert Terry & Sons, Ltd., at 
Redditch, for hardening springs. In both furnaces the 
springs are moved through a horizontal heating chamber 
by an oscillating nickel-chromium hearth plate having a 
machined and polished surface. The hearth is operated 
in one direction by an electric motor and in the other by a 
spring return mechanism and its oscillating frequency 
can be varied to give a wide range of conveyor speeds. 
The heated springs fall from the hearth through a quench 
chute which is sealed to the furnace casing and has its 
lower end projecting into the quenching medium. 

One furnace is rated at 50 kW. and has a hearth 18 in. 
wide, with a heated length of 5 ft. controlled in two zones; 
its oil quench tank is fitted with an oil cooler and an 
oil circulating impeller. The other furnace is rated at 
20 kW. and has a hearth 12 in. wide with a heated length 
of 2ft. 6in.; its quench tank is arranged with its 
effective length of 8 ft. at right angles to the line of the 
furnace. In both furnaces the springs are protected 
from oxidation and decarburisation by an endothermic 
atmosphere. 

Continuous, driven roller hearth furnaces, such as 
Fig. 34, have been installed for the hardening and temper- 
ing of sprockets, hubs and shafts. The hardening furnace 
has a purging chamber, a preheating chamber and a heat- 
ing chamber 24 ft. 6 in. long arranged in three indepen- 
dently controlled zones. It has a rating of 380 kW., 
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provides for temperatures up to 1,000°C., and can be 
operated by hand or by automatic control mechanism 
using photo-electric devices. 

The tempering furnace has a heating chamber 30 ft. 
long arranged in four separately controlled zones, and an 
unheated vestibule, 5 ft. long, at each end. This furnace 
is rated at 320kW. and provides for a maximum 
temperature of 675° C. Forced air circulation is provided 
by powerful centrifugal type fans mounted in the roof of 
the heating chamber. 

The sealed quench furnace shown in Fig. 35 is one of 
a range now being manufactured by the Incandescent 
Heat Co., Ltd. The smallest in the range has an effective 
work area of 3 ft. 2 ft. 1 ft. 9in. and the largest 
Sft. x 3ft x 2ft.. the latter believed to be the 
largest plant of its type in Europe. The furnace is 
suitable for controlled atmosphere heat treatment up to 
a temperature of 1,000° C., thus, in addition to clean 
hardening, it is equally suitable for carburising, carbonit- 
riding, annealing and normalising. Varying degrees of 
automatically controlled mechanised operations are 
available, covering the process of charging the furnace, 
transferring of work trays, and quenching under con- 
trolled atmosphere conditions. The furnace is equipped 
with heat resisting alloy roller tracks, to facilitate 
charging and discharging of the charge, which is supported 
in jigs or baskets on alloy work trays. Heating of the 
furnace is by means of the patented fuel fired radiant 
Jetube system. This method of heating provides close 
uniformity of temperature, high rate of heat transfer to 
the stock, the minimum of maintenance trouble, and the 
maximum overall thermal efficiency. 

The British Steel Chain Co., Ltd., have installed a 
hardening and normalising furnace of the Incandescent 
pit type (Fig. 36). It is arranged for town’s gas firing, 
using specially designed radiant bowl burners for operat- 
ing within the temperature range of 700°-950° C. The 
effective working dimensions of this furnace are 7 ft. 
deep » 5 ft. diameter for dealing with chains having a 
maximum length of 90 ft. of 2 in. thick material, and 
having an approximate weight of 25 ewt. The combus- 
tion system is divided into two zones, each zone being 
equipped with automatic temperature controlling and 


Courtesy of Incandescent Heat Co., Lid. 


Fig. 36.-Installation for heat treatment of chains at the 
works of The British Steel Chain Co., Ltd. 
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Courtesy of Incandescent Heat Co., Lid 


Fig. 35. -Sealed-quench furnace for Johnson, Matthey & 
Co., Ltd. 


recording equipment. Tempering is carried out in a 
Metalectric electrically heated vertical air circulating 
furnace of similar dimensions. This furnace is designed 
for operating at temperatures up to 750°C., and the 
applied rating is 222kW. The plant is complete with 
oil and water quench tanks, together with recirculation 
and cooling devices. 

A vacuum purge controlled atmosphere furnace has 
been developed by Ipsen Industries, Inc., to complete 
their line of vacuum equipment which now covers 


treatment at temperatures ranging from L00°—2,200° C, 


in vacuum or atmosphere. This new unit allows bright 
tempering of work heat treated in the high temperature 
fast cooling vacuum furnace of the same dimensions 
without taking the work from the basket. It can also 
be applied for annealing or for the precipitation of many 
ferrous and non-ferrous materials. 

The furnace and vacuum unit shown in Fig. 37 occupy 


Courtesy of Ipaen Industries, Ine 


Fig. 37._-A vacuum purge controlled atmosphere furnace 
unit designed for temperatures up to 820° C. 
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Courtesy of Garringtons, Lid. 


Fig. 38.--Two cast link conveyor furnaces by Metalectric 
Furnaces, Ltd., for hardening and tempering forgings. 


only 48 in. « 42 in. floor space, with a nearby control 
panel 24in. x 13in. The work space is 10 in. diameter 
by I4 in. deep; heat input is 9kW., with a maximum 
operating temperature of 820°C. The work basket is 
loaded vertically. In operation, the unit is vacuum 
purged and back-filled with inert, oxidising or reducing 
gas atmosphere at choice. The furnace may be operated 
under partial or full pressure with such gases as hydrogen, 
endothermic, cracked ammonia, etc. Powerful circula- 
tion of the atmosphere, over Inconel sheathed heating 
elements, provides full convection heating. Internal 
water cooling coils and directional baffles provide fast 
cooling. 

Fig. 38 shows one of three continuous cast link con- 
veyor hardening and tempering installations for heat 
treating, in the main, forged crankshafts, but also 
adapted for annealing miscellaneous forgings. This 
plant is designed for a continuous throughput of } ton of 
forgings per hour, and an interesting feature is the heavy 
duty cast link conveyors embodied in the furnace, which 
permit the loading of large forgings, and their subsequent 
transfer to the quench tank, which incorporates a 
conveyor capable of accepting large forgings and taking 
them to a further intermediate conveyor to carry them 
to the charge end of the tempering furnace. To facilitate 
immediate handling from the tempering furnaces, 
cooling cowls are used through which the furnace 
conveyors are extended. 

The total connected rating of the three installations is 
approximately 2,000kW., and multi-zone control is 
used, together with air circulating fans in the tempering 
furnaces, to provide close temperature contro). Further 
similar designs, with a total connected rating of approxi- 
mately 4,000 kW. are at present being installed at the 
works of a prominent motor car manufacturing firm, and 
these embody automation in handling and continuous 
washing between the hardening and tempering furnaces. 

Leeds & Northrup, Ltd., have recently introduced a 
new model of their steam Homo tempering furnace. This 
steam atmosphere treatment, during which a very thin 
film of oil-bearing zine oxide is absorbed into the metal. 
is claimed to give greatly prolonged life to all cutting 
tools, gears and bearing surfaces. The new feature 
is a cooling blower assembly which accelerates furnaec 
cooling on a production basis : this can be seen in Fig. 39. 
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Courtesy of Leeds & Northrup, Lid. 


Fig. 39. Exploded view of the new steam Homo tempering 
furnace. 


The primary application of this new atmosphere 
tempering furnace is in stress relieving, age hardening 
or annealing parts made from non-ferrous metals, 
particularly copper or alloys with high copper content, 
in a steam atmosphere. Substantial saving in costs can 
be made by cooling parts in the furnace whilst under the 
protective. steam atmosphere. Parts come from the 
furnace in a clean finished condition ready for plating or 
immediate use, thus eliminating the need for acid dips, 
pickling and rinses. Because this furnace is metal lined 
and effectively sealed, a suitable purified exothermic 
atmosphere or other inert gas can be used where ferrous 
parts require clean tempering. Furnace cooling rates 
are rapid and uniform; for example a 750 lb. net load can 
be cooled from 540° C. to 150° C. in 14-2 hours. At the 
end of the heating cycle a butterfly valve is opened and 
a motor driven blower is turned on. Cool air is drawn in 
and circulates in the annular space between the brick- 
work and the outside of the alloy retort, effectively 
cooling the furnace load while the atmosphere on the 
inside of the retort protects the work. 

A somewhat unusual low temperature furnace made 
by Dowson & Mason for Tempered Spring Co., Ltd., is 
shown in Fig. 40. It operates at 250° C. for the bluing 
of coil springs. To obtain a rapid rate of heat transfer, 
with accurate control, at this low temperature, heating is 
by a hot gas recirculating system consisting of a combus- 
tion chamber direct fired by one natural draught gas 
burner with pilot flame, connected to the inlet of a low 
pressure high capacity fan. Temperature control is by an 
expansion type instrument and solenoid valve. This 
furnace has a working space 5 ft. 6 in. wide x 2 ft. 10} in. 
high » 4 ft. 4} in. long. 

Recent additions to the Barlow-Whitney range are 
their Series E 750/1100 FCH horizontal batch type 
electric furnaces for general heat treatment operations 
including, stress-relieving, tempering, precipitation treat- 
ment of non-ferrous metals, ete. These furnaces are 
provided with forced convection which is operative up 
to 750°C. If higher temperatures are required the air 
circulating fan is automatically shut down by the con- 
troller, permitting the temperature to be taken up to 
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Courtesy of Tempered Spring Co., Ltd., and Dowson & Mason, Lid, 


Fig. 40.._An unusual low temperature furnace designed 
for bluing coil springs. 


1,100° C., the fan being protected from over-heating by 
a series of radiation baffles. This special and unusual 
feature greatly extends the useful operational function of 
these furnaces, and eliminates the complications associa- 
ted with fans running at high temperatures. Sizes range 
from 12 in. 6 in. to 36 in. 24 in. 96 in. long. 

The rapid growth of clean hardening can be expected 
to lead to increased demand for clean tempering, and 
many Ipsen units for this purpose have already been sold 
in the U.S.A. Units can be supplied as box furnaces, but 
alternate designs permit atmosphere cooling, and/or 
oil quenching under atmosphere. Whether gas-fired or 
electric, heating is through ceramic radiant tubes in 
patented simple mountings. The work is completely 
shielded from direct heat by a muffle and uniformity is 
achieved by means of a powerful fan. Work transfer is 
by alloy conveyor chains which move the load into the 
atmosphere cooling chamber or onto the quench elevator. 


Courtesy of Imperial Chemical Industries, Ltd. 


Fig. 42. _-A battery of ‘‘ Cassel ’’ C.A. automatic furnaces 
for casehardening cycle components. 
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Courtesy of J.L.S. Engineering, Lid 


Fig. 41.—-Close-up of the conveyor in gas-fired air- 
circulating spring tempering furnaces. 


A ducted fan and water jacket gives rapid atmosphere 
cooling where this is employed. When oil quenching, an 
insulated tank, controlled two-speed circulation and oil 
temperature control through built-in heaters and coolers 
is standard, 

Modern specifications for production springs call for 
increasingly more accurate heat treatment conditions, 
and the use of air circulating furnaces, where uniformity 
throughout the charge can be achieved, is coming more 
and more to the fore. J.L.S. Engineering Co., Ltd., 
have recently installed at Toledo Woodhead Springs 
Ltd., a conveyorised gas fired spring tempering furnace 
incorporating a vertical conveyor. The method of 
ioading the conveyor is shown in Fig. 41, from which it 
will be seen that the unit is handling road vehicle coil 
springs contained in conveyor troughs. The output is 
up to 2 tons per hour, with a treatment time of 40 
minutes or more, depending upon the gauge of wire. A 
remote control position provides for conveyor speed 
adjustment. The furnace walls are of 10s.w.g. steel 
inner and outer cases with 8 in. of best quality low thermal 
capacity insulation between. Air re-circulation in the 
order of 24,000 cu. ft. /min. ensures uniformity of heating 
and the temperature is controlled by two indicating 
controllers. 


Salt Bath Furnaces 


Salt bath furnaces are finding increasing application 
for a range of heat treatments. They find favour for 
carburising because the results are readily reproducible 
and quality control is easy. Fig. 42 shows a battery of 
‘Cassel’ C.A. automatic furnaces now in use with 
cyanide ‘carbonate baths for casehardening cycle 
components. 

Because of the good finish, low distortion and ease of 
handling, the trend to salt baths for the treatment of 
hot work steels with an isothermal quench continues ; a 
recent installation of ‘ Cassel’ furnaces is operating on 
dies and tools in 5% chromium-molybdenum steel, 
covering preheat, high heat, salt quench and temper. 
A new departure is the application of the austempering 
process to the treatment of paint scraper blades and 
trowels. These are austenitised and austempered in the 
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Courtesy of Imperial Chemical Industries, Ltd, 


Fig. 43. -‘‘ Cassel ’’ Ajax electrically heated plant for the 
application of the austempering process to the treatment 
of paint scraper blades and trowels. 


‘Cassel ’ Ajax electrically heated plant shown in Fig. 43, 
and finally temper flattened in clamps in an air circulating 
furnace. 

A battery of salt bath furnaces has been installed at 
the Sheftield works of Henry Rossell & Co., Ltd., for the 
treatment of high-speed steel tools. The tools are pre- 
heated in a refractory lined, knee-type-electrode salt 
bath rated at 40kW. and operating within the range 830 
840°C. The tools are heated to 1,280°-1,290° C. for 
hardening in another refractory lined, knee-type-electrode 
salt bath, also rated at 40 kW. The quench salt bath is 
of the suspended electrode type, rated at 35 kW., the 
quench salt being heated to 550°C, An identical bath 
of the suspended electrode type is used for secondary 
hardening at a temperature of 550°C. In this instal- 
lation, shown in Fig. 44, the tools and their carriers are 
heated in an oven prior to being immersed in the preheat 
bath, to avoid splattering, and they are cleaned after 
processing in hot and cold water washing tanks. 


Courtesy of Brayshaw Furnaces, Ltd 


Fig. 45._-A new design of electrode salt bath furnace 
recently installed. 


Courtesy of Efco Purnaces, Ltd. 


Fig. 44.--Salt bath furnaces installed at the works of 
Henry Rossell & Co., Ltd., for the treatment of high speed 
steel tools. 


A new installation is the Brayshaw electrode salt bath 
furnace shown in Fig. 45. In this design the electrodes 
are located in recesses equally spaced around the 
circumference and immersed in the salt; they are 
connected to each phase. The salt is heated by a low 
voltage alternating current passing between the immersed 
electrodes. Two auxiliary electrodes (removable) are 
provided to facilitate starting up, powered from two of 
the phases. These auxiliary electrodes are brought into 
circuit by locating them in specially designed brackets 
on the main busbars and are withdrawn during normal 
operation. An exhaust duct with powerful suction fan 
dispels fumes arising from the top of the salt, maintaining 
a clear field of vision over the salt level. 


General and Special Duty Furnaces 

The semi-conductor industry has created a new field 
for small, accurately controlled furnaces to work at 
laboratory standards of cleanliness. Furnaces are 
required for the reduction of germanium oxide, for solid 
and vapour diffusion, for alloying, for brazing, and for 
glass-to-metal sealing. During the past few years Royce 
Electric Furnaces, Ltd., have given special attention to 
designing and manufacturing furnaces for use in both the 
development and the production of semiconductors. 
New high temperature diffusion furnaces, for instance, 
have been installed in the Transister Division of Standard 
Telephones and Cables, Ltd. The furnaces are self- 
contained units (Fig. 46) incorporating a floor-standing 
cabinet housing all the electrical gear. They are suitable 
for use with nitrogen, oxygen and hydrogen atmospheres 
and are designed to take work tubes of either impervious 
fused alumina or transparent silica having an inner 
diameter of 2 in. Each furnace has a preheat section 
with a heated length of 12 in. arranged in three zones 
and providing temperatures from 200°-1,000° C., and 
a high temperature section with a heated length of 15 in. 
providing temperatures between 950° and 1,300° C. The 
temperatures of the two sections are independently 
controlled and, within the specified temperatures ranges, 
any desired temperature can be maintained in either 
section irrespective of the operating temperature of the 


METALLURGIA 


‘ 
i 
2 
a 
‘A 
a 
: 
7 
‘eres 
* 
300 


Courtesy of Royce Electric Furnaces, Lid 


Fig. 46. -New high temperature diffusion furnace used in 
the production of semiconductors. 


The furnaces are so designed that a fall 
Each 


other section. 
in temperature cannot occur between the zones. 
furnace is rated at 7} kW. 

A continuous mesh belt conveyor furnace for alloying 
germanium, supplied by Royce to Newmarket Tran- 
sistors, Ltd., is arranged in twelve separately controlled 
zones. It has a total length of 22 ft. 6 in., with a heated 
length of 10 ft. The conveyor belt is 14 in. wide and 
travels at speeds up to 12in. min. This furnace is 
rated at 24 kW. and provides temperature up to 1,000° C. 

Amongst several other designs is a furnace supplied 
to a valve manufacturer for brazing valve assemblies 
in vacuum. The cylindrical chamber is water cooled and 
fitted with a domed lid. The heating element is a molyb- 
denum cylinder surrounded by radiation screens, and 
providing usable dimensions 8 in. diameter 8 in. high. 
It is rated at 20 kW. and provides temperatures up to 
1,200°C. A new type traversing furnace has been 
designed for brazing valve assemblies in a hydrogen 
atmosphere. In this case the work is loaded into hori- 


zontal cylindrical retorts which are gas-tight sealed with 
a front door having a quick release clamp. As shown in 
Fig. 47 two retorts are used. They are fitted to a fixed 
stand and the furnace is traversed between the two 
positions where it can be moved forward to heat each 
retort in turn. 


The retorts have an inner diameter of 


Courtesy of 
Sintering & Brazing Furnaces, Lid. 


Fig. 48.--This open 
hearth pusher’ type 
furnace is designed for 
use with inert or reduc- 
ing atmospheres at 
temperatures up _ to 
1,500° C. 
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Courtesy of Royce Electric Furnaces, Lid 


New type traversing furnace designed for 


Fig. 47. 
brazing valve assemblies. 


12 in. and a uniformly heated length of 21 in. The rating 
is 40 kW., so that the retorts can readily be brought 
to the maximum operating temperature of 1,200° C. 

A new type of open hearth pusher type furnace, rated 
at I8SkW., has been designed by Sintering & Brazing 
Furnaces, Ltd., for use with either inert or reducing 
atmosphere at temperatures up to 1,500°C. It has two 
heating zones, each 3 ft. 6 in. long and effective area of 
6} in. wide « 8in. high. The furnace is shown in Fig. 48, 
complete with pneumatic pusher gear. Molybdenum 
elements of the open radiation type are used, being 
situated at both sides and below the work area. Auto- 
matic temperature control is of the conventional type to 
give a high degree of accuracy. Furnaces of similar 
design are manufactured with zone cross-sections of up 
to 15in. wide « 12in. high for temperatures up to 
1,750° C. in reducing atmospheres, 1,650° C. in oxidising 
atmospheres, or 1,500° C. in inert atmospheres. 

Since mid-1960 Vacuum Research (Cambridge), Ltd.., 
have continued to design, develop and make non-standard 
furnaces and associated equipment. These furnaces have 
used high vacuum either for vacuum purging and subse- 
quent back-filling with inert gas or as the actual process 
environment. Among these is a high vacuum brazing 
furnace for the Admiralty, capable of batch processing 
charges weighing 20 lb. at 1,300°C. at 10-* mm.Hg. 
The work chamber is horizontal, stainless steel and 
water jacketed, and pumping is provided by a 9 in. 
diffusion pump combination associated with a liquid-gas 
cooled trap. The process operations are arranged for 
push-button control. 
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Courtesy of Vacuum Research (Cambridge), Ltd. 


Fig. 49..-The Type YM-4R vacuum furnace is used here 
for Young's modulus determinations at temperatures up 
to 1,000° C. 


Another interesting feature is a high vacuum furnace 
arranged for the ultrasonic determination of Young’s 
modulus of elasticity, for specimens in rod or sheet form, 
at all temperatures between 1,000°C. and —160° C. 
This furnace is also under development for many other 
processes and treatments involving temperature, high 
vacuum or inert atmosphere. Fig. 49 shows a rig arranged 
for the longitudinal excitation of a rod specimen at 
resonant frequency under electronic control and analysis 
for the determination of the Young’s modulus of 
elasticity and the damping constant. 

A tantalum sintering furnace has recently been de- 
veloped by Vacuum Metallurgical Developments, Ltd. ; 


Courtesy of Vacuum Metallurgical Developments, Ltd. 


Fig. 50,-A tantalum sintering furnace using a tantalum 


heating element. 


it is resistance heated and provision is made for an 
ultimate vacuum better than 10 mm. Hg. The furnace 
has a water-cooled stainless chamber which houses a 
tantalum element through which the heating current is 
passed. A fast pumping system is included of sufficient 
‘apacity to cope with the high outgassing of the com- 
pacted powder. Manually or electro-pneumatically 
operated valves are included to control the system. The 
heating chamber has an inside diameter of 14} in. and 
is 28in. long. The heating element is constructed of 
tantalum sheet in three segments riveted to three 
connectors of sheet tantalum ; these connectors, which 
are held in water-cooled copper electrodes, also support 
the elements. 

To operate the furnace the charge is loaded on a 
five-tier tray assembly and lowered into the chamber. 
After replacing the charging cover, the vacuum pumping 
system is then brought into action and finally the 
resistance heater is switched on. After heating is 
completed, rapid cooling is effected by admitting argon 
and switching on a re-circulating fan. This equipment, 
shown in Fig. 50, is designed for temperatures up to 
2,000° C. 

There are many advantages to be derived from brazing 
in vacuo, and Fig. 51 illustrates a Wild-Barfield internal 
element vacuum furnace employed for brazing special 
assemblies at the Services Electronics Research Labora- 
tories (Microwave Electronics Division) Harlow. The 


Courtesy of Wild-Barfield Electric Furnaces, Ltd. 


Internal element vacuum brazing furnace. 


Fig. 51. 


maximum operating temperature of 1,200° C. is provided 
by a braided molybdenum heating element supported 
in a sinuous loop arrangement and surrounding the 
charge zone, the useful hot zone dimensions being 15 in. 
diameter and 24 in. deep. In the base of the furnace a 
molybdenum hearth plate supports up to 100 lb. of 
distributed load. Thermal insulation consists of a 
number of light gauge molybdenum and stainless steel 
radiation shields supported within a heavy gauge 
stainless steel canister. The stainless steel tank is water 
cooled by means of copper coils attached to the exterior 
surfaces. Control of power input is effected by means of 
three saturable reactors connected in series with the 
transformer windings, and power requirements vary up 
to a maximum input of 60kW. A 50 c.f.m. rotary air 
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ballast pump is used to evacuate the furnace tank to 
about 0-1 mm. Hg. and a 1,200 c.f.m. oil diffusion pump 
reduces the pressure to approximately 0-01 micron. 

A G.E.C. furnace rated at 150 kW. and in the process 
of being commissioned is designed for heat treatment and 
brazing under vacuum of Nimonic 75 and stainless steel 
components. The charge space is cylindrical in shape, 
24 in. in diameter and 36 in. high, and is suitable for 
operation at temperatures up to 1,300° C. and pressures 
down to 10-4 mm. Hg. A novel feature of the installation 
is the ability to quench in water directly from the heating 
chamber. The company has recently received an export 
order for a 300 kW. vacuum brazing installation to be 
used for the heat treatment and brazing of Nimonic 75 
and Nimonic 90 components, 


Courtesy of Barlow-W hitney, Le. 


Electric bell furnaces for brazing, bright 


Fig. 52. 
annealing, etc. 


A new range of standard electric bell-type furnaces 
has been introduced by Barlow-Whitney, Ltd., for 
bright annealing, brazing, sintering and other heat 
treatment operations necessitating low dewpoint reducing 
atmospheres, usually hydrogen or hydrogen nitrogen 


mixtures. Standard muffle sizes range from 12 in. 
diameter upwards, with heights to suit requirements. A 
typical installation is shown in Fig. 52. 

A new Royce mesh belt conveyor furnace (Fig. 53) is 
a self-contained unit with automatic temperature con- 
trollers for the three-zone heating chamber mounted 
above the loading position together with an excess 
temperature controller, and all electrical control gear 
housed inside the furnace casing. The overall length of 
20 ft. is made up of loading, preheating, heating, cooling 
and unloading sections. The work is heated and cooled 
in a gas tight muffle having fume extraction gear at both 
ends. The furnace is rated at 21 kW. and provides 
temperatures up to 700° C. 


Induction Heating 

Quite a wide range of power units and specialised work 
handling machines have been developed during the last 
decade or so, with the result that some form of induction 
heating is now to be found in every large engineering 
factory. This method of heating frequently offers 
practical and economic advantages for some heat treat- 
ment processes. It is noteworthy, therefore, that 
Delapena & Son, Ltd., have extended their range of 


June, 1961 


Courtesy of Royce Flectric Furnaces, 114. 


Fig. 53. -Mesh-belt conveyor furnace. 


radio-frequency induction heaters by introducing three 
new high-efficiency models, suitable for a wide variety 
of work including hardening of large shafts and cylinder 
bore hardening, of greater power output than any 
previous equipment in the range. The new models, two 
of which have output ratings of 75 and 100 kW., respec- 
tively, and the remaining one a continuous output of 
75 kW. all have a nominal output frequency of 150 ke /s. 

High efficiency, when operating with a wide range of 
inductors and workpieces, can be maintained: (1) by 
the use of alternative high and low impedance output 
terminals in conjunction with the use, when necessary, 
of a specially designed external high-efficiency R.F. 
transformer; (2) by means of an external voltage regulating 
transformer which enables the output power to be varied 


Courtery of Dedapena & Sm, Lt, 


Fig. 54._-One of a range of radio-frequency induction 
heaters for surface hardening shafts and cylinder bores. 
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Courtesy of Birlec Ejco (Melting), Lid. 


Fig. 55.—-The gear and fuel pump eccentric station of an 
installation for induction hardening camshafts. 


over a range of 16:1; (3) by the provision of variable 
kVA. boost, adjustable both by removable links and push- 
button operated contactors. The first of the series, a 
75 kW. unit, embodying all three optional systems, was 
recently delivered to a customer in Switzerland ; it is 
similar to that shown in Fig. 54. 

A recent installation comprises three main items, 
namely a Wild-Barfield 25 kW. induction heating 
generator incorporating automatic two-station switching 
and two separate handling fixtures, one for hardening 
and the other for tempering and shrinking. This equip- 
ment is used for hardening, tempering and shrinking 
ring gear components in an Australian motor car factory. 
The problem presented was that of hardening and 
tempering the teeth of starter rings and subsequently 
shrinking the rings on to flywheels. 

The latest induction generator marketed by the 
Process Heating Division of Pye, Ltd., is a 12 kW. unit, 
is available in either air or water cooled versions, 
and has been designed for continuous operation. The 
availability of medium and high work coil kVA. permits 
the heating of a wide range of ferrous and non-ferrous 
loads. The output power can be varied by means of a 
stepped control. Accurate repetition work can be 
carried due to the inclusion of an automatic resetting 
process timer. The safety devices include water pressure 
switches, overload relays and safety switches behind 
movable panels. Provision is made for remote output 
power indication and on/off control; also coloured 
indicator lamps show which circuits are switched on. 
Due to the simplicity of operation, unskilled labour may 
be employed enabling production costs to be reduced. 

In induction hardening axle shafts, the shaft may be 
passed through an inductor and quench being rotated at 
the same time ; alternatively, the shaft may be rotated 
(but otherwise stationary) whilst the inductor and quench 
is progressed along it. In a recent installation of the 
first type, made by Birlec-Efeo (Melting), Ltd., 1} in. 
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diameter shafts are treated two at a time, with an 
output of the order of 30-60 shafts per hour, depending 
on the length : the H.F. power is supplied by a 200 kW.., 
2-25 ke./s. motor generator. The second type of instal. 
lation is usually used for long and large diameter shafts, 
requiring as it does less headroom for the same length of 
shaft. Birlefeo equipment is under construction for 
treating two shafts at a time with a special loading 
arrangement. The rating is 300 kW. at 3 ke./s. and it is 
expected that output will be of the order of 20-25 per hour 
of shafts approximately 1? in. diameter. Both types of 
machine are able to deal with hardening into the radius 
of the axle shaft flanges, if required, and the speed 
and or power can be varied automatically during the 
cycle, according to a predetermined schedule. 


Electro-Heat Congress Proceedings 


THE proceedings of the Fourth International Congress on 
Electro-Heat, held in Stresa, Italy, in May 1959, have 
now been published in two volumes. The first of these 
contains the programme and a general report of the 
congress, all the discussions, and a complete index, 
whilst the second volume includes all the 185 papers 
presented at the congress, each being printed in that one 
of the three official languages—English, French, and 
German—in which it was presented. A summary of the 
contents of each paper is provided in each of these three 
languages. 

The two volumes contain a wealth of information on 
electro-heat applications and developments up to 1959, 
and much of this is of interest in the metallurgical field. 
Copies may be obtained at a cost of 35,000 Italian lire 
from the publishers, Comitato Elettrotecnico Italiano, 
Via San Paolo 10, Milano, Italy. Further information 
can be obtained from the Secretary, the British National 
Committee on Electro-Heat, c/o The British Electrical 
Development Association, 2 Savoy Hill, London, W.C.2. 


United Steel Airstrip 


Tue Unrrep Steet Cos., Lrp., have purchased 108 
acres of land near Coal Aston, ten miles to the south of 
Sheffield, for development as an airstrip for use by the 
company’s aircraft. Town planning approval has been 
given to this project and work is now proceeding on the 
preparation of an 800-yard long grass runway. When 
completed in the early summer, it will enable customers 
and senior executives to reach United Steel’s head 
office in fifteen minutes by car, with about half-an-hour’s 
travelling to the company’s steelmaking branches in 
the Sheffield area. At present United Steel’s two air- 
craft—a four-seater Piper Apache and a Piaggio P166— 
are based at Ringway Airport, Manchester. 


Cybernetics Congress Proceedings 


Tue INTERNATIONAL ASSOCIATION FOR CYBERNETICS has 
now issued the Proceedings of the Second International 
Congress on Cybernetics, held at Namur, Belgium, in 
September 1958. This important 1,000 page illustrated 
scientific publication, which includes eighty of the papers 
read at the congress by scientists of all disciplines and 
nationalities, is available from the Secretariat of the 
Association Internationale de Cybernétique, A.S.B.L.., 
13 rue Basse-Marcelle, Namur, Belgium. The price is 
800 Belgian francs for members of the Association, and 
1,200 Belgian franes for non-members. 
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Heat treatment 


Tomatoes grow fat and ripe in the controlled heat of the 
greenhouse—and metal parts receive the best heat 
treatment in ‘Cassel’ salt baths. 

With salt baths as with greenhouses, what counts is 
experience. The ‘Cassel’ Heat Treatment Service has 
long experience in carburising, heat treatment, tem- 
pering. martempering and austempering. 


Write to: 
Imperial Chemical Industries Ltd. 


cc. 208 
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GIANT FABRICATIONS 
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STRESS RELIEVING 


The large stress relieving furnace installed at the Dalmuir 
Works of Babcock & Wilcox Ltd. has a door opening 26’ 0” 
wide x 15’ 3” high from the flat top of the bogie to the under- 
side of the furnace roof with an interna! length of 32’ 0’. 

It is designed for stress relieving operations in the temperature 
range of 600-650°C. and is also capable of operating at 
temperatures up to 900°C. with a maximum load on the bogie 
of 100 tons. 


This is yet another example of the giant sized stress relieving 
furnaces designed by Dowson & Mason Ltd. which are giving 
unrivalled performance in many countries throughout the 
world. 


LEVENSHULME MANCHESTER 


Télephone HEATON moor 615) (Stines) Telegrams: Gasify, Manchester 19 
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furnace 
you 
can 
think 
of! 


from pins to ingots—to treat a 
handful or a cartload, whether a quick 
heat or a long soak, with a protective 
atmosphere or without—Incandescent 
make a furnace to do your 
particular job. 


Write for leaflet V.10c which 
shows the scope of a complete 
service in Industrial Heat 
Engineering. 


Tr N CA NDE, AY bf E N T the greatest name in heat treatment furnaces 
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LUCAS FURNACES LTD 
BIRMINGHAM 


OMPLETE INSTALLATIONS 
AND 
URNACE CONVERSIONS 
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ROTATING RETORT 


these 


@ Low capital cost plant for clean hardening, gas @ Simple to operate with highest standard of finish. 


carburising or carbo-nitriding. 
@ Lighting to Operating only 150 minutes. 


@ Low running and maintenance costs. 


@ Quick and easy to install. @ Multi units installed at 7’ 0” centres. 


THERMIC EQUIPMENT & ENGINEERING CO. LTD. 
(Associated with Gibbons Applied Atmospheres Ltd., Birmingham, 15) 
Tel.: PRESTON 56254/5 SALMON STREET, PRESTON, LANCS. 


Grams. : THERMIC, PRESTON 
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I.F.E’s Contribution 
to the Automotive Industry 


I.F.E. / Holcroft install 
the largest group of 
British-built continuous 
gas carburising plants in 
the United Kingdom 
and Commonwealth at 
FORD MOTOR COM- 
PANY. 


Illustration above : Loading and control bay for two 
Towns Gas Fired Pusher Continuous Gas Carburising 
Furnaces, 30 tray, two track for Crown Wheels, 
individually quenched. 


Left hand illustration : Loading, Unloading and Con- 
trol Bay for one Fully Automatic Towns Gas Fired 
Pusher Continuous Gas Carburising Furnace, 30 tray, 
two track, for Gearbox components, Cluster Gears, 
Pinions and Shafts, with integrated bulk quench, two 
stage wash and electric tempering. 


producers of : 


THE 

INTERNATIONAL TWO-STAGE & SINGLE-STAGE GAS 

FURNACE PRODUCER PLANTS 

EQUIPM ENT COMPLETE GASIFICATION PLANT 
INDUSTRIAL FURNACES 

CO. LTD., CYCLIC OIL GASIFICATION PLANT 


VENTILATION AND PLENUM HEATING 
PLANTS 

DUST EXHAUST PLANTS 

FUME REMOVAL PLANTS 

AIR CONDITIONING PLANTS 


SPECIAL VALVES FOR INDUSTRY AND 
ATOMIC ENERGY 


ALDRIDGE, STAFFS. 
Telephone : Aldridge 52245. 
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People who know 
resistance 
know 


RESISTANCE 


FURNACES 
G.W.B. FURNACES LTD., DUDLEY, WORCESTERSHIRE. TEL: DUDLEY 55455 


Associated with Gibbons Bros. Ltd. and Wild-Barfield Electric Furnaces Led 
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LEEDS NORTHRUP 


Billet Production Control 
at 
Northern Aluminium Co. Ltd. 


WE are indebted to the Northern Aluminium Co. Ltd. (Alcan 
G.B. Ltd.) for the above picture of part of the Leeds Northrup 
instrumentation controlling billet production at their Banbury 
works. 


Furnace temperature/time is rigidly controlled and continuously 
recorded on the charts. 


T= Leeds Northrup Speedomax, Type H, is doing this furnace 
control job in works all over the world. It is a compact instru- 
ment—only 11 x 11 x 12 in.—and lower in cost than any com- 
parable instrument. 


Send now for descriptive literature, or have a demonstration in your own works 


LEEDS & NORTHRUP LTD. 
183, Broad Street Is Birmingham 15 
Phone: Midiand 3031/6 Telegrams: Flometer, Birmingham 
British made in Birmingham 
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Conference on Anodised Aluminium 


THE ALUMINIUM DEVELOPMENT AssoctaTION, with the 
University of Nottingham Department of Metallurgy, 
is organising a residential conference at the University 
from 12th to 14th September, 1961. There will technical 
sessions on the afternoon of Tuesday, 12th September, 
and morning and afternoon sessions on Wednesday. 
The conference will end officially after breakfast on 
Thursday. 
The aim of this conference is twofold :— 
To provide an opportunity for anodisers, users of 
anodised aluminium, and the industry generally to 
discuss the latest technical developments. 


To give research workers in this field an oppor- 
tunity to discuss the fundamental aspects of their 
subject. 

Fifteen papers, by British and foreign authors, will 
be presented. They will be grouped into six sessions 
under separate headings, and to make the best use of 
time available will be printed and distributed well before 
the conference; in this way the appropriate papers can 
be briefly introduced at each session and the rest of the 
time devoted to discussion and authors’ replies. Sessions 
III and IV, which will appeal to different groups of 
people, will be held at the same time ; Sessions V and VI 
will be arranged in a similar manner. 

Accommodation will be in Cripps Hall, a new uni- 
versity building, and the all-in charge for the conference 
is 5 guineas ; for two nights only—4 guineas ; and for 
meals only—3 guineas for each person. There is limited 
accommodation for members of the conference who wish 
to bring their wives. 

Further details can be obtained from The Secretary, 
The Aluminium Development Association, 33 Grosvenor 
Street, London, W.1. Early application is desirable as 
there may have to be some limitation on numbers. 


The Institution of Metallurgists 


At the seventeenth annual general meeting of the 
Institution of Metallurgists, held at the Park Lane 
Hotel, London, on Wednesday 17th May, Dr. N. P. 
ALLEN, F.R.S., Superintendent of the metallurgy division 
at the National Physical Laboratory, took over the 
presidency from Mr. W. E. Barpeetr. Other members 
elected to office in the Institution were: senior vice- 
president—Dr. E. G. West; vice-presidents—Mr. F. 
Dickryson and Dr. L. Nortucorr; hon. treasurer— 
Mr. L. W. Derry; members of council—Mr. H. 
Morroeu, Mr. 8. 8. Smrru and Dr. J. C. Wriext. 


Non-Destructive Testing Conference 


A CONFERENCE organised by The Non-Destructive 
Testing Society of Great Britain will be held in Chester 
from 2Ist to 23rd September, 1961, and will have as its 
theme “ Industrial Radiology Today.”’ The papers will 
include such subjects as low kV. radiography, Xero- 
radiography, linear accelerators, betatrons, large gamma 
ray sources for radiography, and current safety regu- 
lations. A works visit will be included in the programme, 
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NEWS AND ANNOUNCEMENTS 


and a dinner for those participating is to be arranged for 
the evening of 22nd September. 

The conference is open to all who are interested, 
whether members of the Society or not. A conference 
fee will be charged, which will include the cost of 
morning and afternoon refreshments ; this will be 15s. 
for members and 30s. for non-members. Further details 
may be obtained from Mr. I. M. Barnes, Non-Destructive 
Testing Conference Secretary, de Havilland Aircraft Co., 
Ltd., Manor Road, Hatfield, Herts. 


Wellman-Incandescent Heat Merger 


Tue merger of The Incandescent Heat Co., Ltd., and its 
subsidiaries with the Wellman group has now taken 
effect, and although it is the intention that the Incan- 
descent group shall continue to operate as an autonomous 
unit, the future close co-operation between these two 
groups should be mutually beneficial, as their products 
are mainly complementary. 

Both Wellman and Incandescent construct furnaces 
for the metallurgical industries, but whereas Wellman 
specialise more on the larger melting furnaces and 
oxygen steelmaking processes, including the heavy duty 
mechanical equipment, the Incandescent group's 
activities are,in the main, concentrated on the finishing 
processes of steel and non-ferrous products, such as 
annealing and heat treatment furnaces embodying a 
wide range of thermal engineering throughout the 
metallurgical, chemical, foundry, ceramic, and other 
industries. Incandescent specialities also include electric 
furnaces for melting and heat treatment processes. 

In their field, Wellman are specialists in the design and 
manufacture of furnace charging and discharging 
machines and thus the combined spheres of operation 
of the two companies will be enlarged. In the export 
field for integrated steel plants, the two companies with 
their joint resources will be in a position to undertake 
the whole of the furnace work from steel melting, 
including electric furnaces, down to the smallest finishing 
and heat treatment units. 


A New Continuous Casting Process 


ConTrINvoUs casting is one of the recent developments 
in the steel industry now beginning to play an important 
part in the realisation of the industry's planned expansion. 
By enabling billet and bloom sections to be produced 
direct from molten steel, continuous casting eliminates 
some of the costly primary rolling processes. It has 
become evident that, since very high speed continuous 
casting leads to defects in the steel, and requires incon- 
veniently high casting machines, it is necessary to use 
complex multi-strand casting machines for bulk steel 
manufacture. 

A far more convenient method, as an alternative to 
these multi-strand plants, has recently been evolved by 
the Continuous Casting Company Ltd., Weybridge, in 
conjunction with the British Iron & Steel Research 
Association. This consists of an entirely new process— 
called the Weybridge process—which enables the casting 
speed to be kept to the optimum and permits the produe- 
tion of billet or bloom sections at rates comparable with 
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those obtained with multi-strand plants, but without the 
additional operating expense normally associated with 
them. The process is based on the use of a multiple 
mould having a cross-section such that the resulting 
casting comprises several billet or bloom sections inter- 
connected at their corners, which are subsequently 
separated to form a number of individual castings. 


World’s Widest Aluminium Mill 


Tue Brirish Atumrium Co., Lrp., are to spend over 
£10 million on new equipment as an extension to their 
Falkirk rolling mills in Scotland. The first stage com- 
prises a hot mill approximately 172 in. wide which will 
treble Falkirk’s ultimate capacity to 150,000 tons a year. 
Work will begin immediately and cold rolling and finishing 
capacity will be increased to absorb the hot rolling 
capacity over a succeeding period as the growing market 
for aluminium warrants. This will be the widest 
aluminium rolling mill in the world. 

The company anticipates that aluminium usage will 
grow by at least the national average rate of industrial 
growth, and for markets such as packaging, transport, 
building and household appliances the rate should be 
even higher. This additional facility will enable B.A. 
to remain fully competitive in world markets. 


Induction Heating Courses 


THe next induction heating course in the series 
organised by Pye, Ltd., will be held at the Globe Hotel, 
Hills Road, Cambridge, commencing at 2 p.m. on 
Tuesday, 3rd October and finishing at 5-30 p.m. on 
Wednesday, 4th October. It will be run on similar 
lines to previous courses, namely, covering the funda- 
mentals of induction heating, annealing and tempering 
of small parts, brazing, soldering and processing of 
conducting materials. There are no fees, and further 
information may be obtained from Mrs. E. Raeburn, 
Pye Process Heating, 28 James Street, Cambridge. 


Blast Furnace Agreement 


Newton CuampBers & Co., Lrp., Thorncliffe, Sheffield, 
have entered into an exclusive agreement with John 
Mohr & Sons, of Chicago, for the sale, manufacture and 
installation in the United Kingdom and parts of the 
Commonwealth of blast furnaces complete with all 
ancillary equipment to the latest designs of the Mohr 
Company. John Mohr & Sons have been working in 
this field since 1857 and are one of the leading designers 
and constructors of blast furnaces and steelworks 
equipment in America. Newton Chambers, whose iron- 
works were established in 1793, operated their own 
blast furnaces until comparatively recently, and have 
themselves constructed blast furnaces and all types of 
ancillary equipment for steelworks. This agreement will 
enable Newton Chambers to keep abreast with the 
requirements of the iron and steel industry arising from 
the new manufacturing methods now being adopted 
throughout the world. 

John Mohr & Sons have played a leading part in 
advances in blast furnace design, and installed the first 
blast furnace in the world to work at high top pressure 
for the Republic Steel Corporation of America, at their 
Cleveland Works in 1942. Since then they have installed 
or have under construction, some twenty blast furnaces 


for American steelworks. Their success in this field was 
further recognised a few months ago when the United 
States Steel Corporation placed an order with them for 
the installation at the Duquesne Works, Pennsylvania, 
of a furnace having a hearth diameter of 28 ft. working 
at 30 lb. /sq. in. top pressure, fully equipped, even to the 
extent of a completely automatic stock-house, and having 
a capacity of up to 4,000 tons of pig iron per day. This 
furnace will incorporate a Mohr patented three-bell 
charging system. 

Apart from the furnaces themselves, Newton Chambers 
will have available the American company’s latest designs 
for gas cleaning plant, hot blast stoves, valves and their 
automatic control, programme control up to the highest 
level of the completely automatic stock-house, and an 
established improved system of control for high top 
pressure—together with all ancillary equipment such as 
hot metal torpedo-type mixer cars, hot metal mixers, 
carriages, etc. 


Ipsen Industries, Ltd. 
Ipsen Inpustriss Inc., of Rockford, Illinois, in associa- 


tion with Ipsen Industries International G.m.b.H., of 


Kleve, West Germany, manufacturers of atmosphere and 
vacuum automatic heat treatment equipment and 
associated plant, have formed a British company, Ipsen 
Industries, Ltd., with an address at 53 Victoria Road, 
Surbiton, Surrey, to facilitate further expansion of sales 
and service in Great Britain. Mr. L. E. Plimley has 
joined the British staff and operates from 38, Monckton 
Road, Quinton, Birmingham, 32 (Woodgate 4041). 
Several Ipsen installations are already in operation in 
this country and many more are in hand for the future. 


Gear Heat Treatment Plant 


British Furnaces, Lrp., Derby Road, Chesterfield, 
have recently received orders for gas carburising equip- 
ment for the Scotstoun factory of Messrs. Albion 
Motors, Ltd. They will supply four Super Allcase sealed 
quench furnaces, complete with fully automatic sequence 
control, together with the necessary dew point controlled 
RX endothermic atmosphere generating plant, and other 
ancillary equipment, such as tempering furnace, power 
operated charging machine, etc. This plant will provide 
completely up-to-date final heat treatment for Albion's 
transmission gears. 


British Instron, Ltd. 


Instron, Lrp., announce that Instron precision testing 
equipment is now made at a new factory at High 
Wycombe, Bucks. Instron equipment was first developed 
by Messrs. Hindman and Burr, research associates at the 
Massachusetts Institute of Technoiogy, for specialised 
war-time applications. At the end of the war the inven- 
tors established Instron Engineering Corporation, Massa- 
chusetts, and Instron test equipment rapidly achieved 
world-wide fame. The number of Instron machines 
installed in Great Britain is growing rapidly, and the new 
United Kingdom factory was established—with the full 
co-operation of the Board of Trade—to supply British, 
Commonwealth and European markets. The managing 
director of British Instron, Ltd., is Mr. G. G. Zahler, who 
graduated in electrical engineering at Manchester 
University, and then worked in the field of scientific 
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instrumentation in the United States, on the Continent 
and in this country. 

Two basic Instron models measure tension, compres- 
sion, hysteresis and elastic modulus of virtually all 
materials, including all metals, plastics, natural and 
synthetic fibres, rubber, textiles, wood, paper, glass, etc. 
Associated equipment includes rheometers for the study 
of flow behaviour in polymer melts, electronic integrators 
and XY recorders, and set-ups for radioactive testing. 


Kanigen Plating by Fescol 


Atsricut & Witson (Mra.), Lrp. announce that they 
have granted to Fescol, Ltd., a sub-licence for the 
operation of the Kanigen electroless nickel plating 
process, Fescol, Ltd., are planning to erect the necessary 
plant at their works at Brownhills, Staffs. Kanigen 
chemical nickel plate is a nickel-phosphorus alloy con- 
taining about 8°, phosphorus. It has extremely low 
porosity and is hard (1,000 V.P.N. after heat treatment) 
and corrosion and wear-resistant. On ferrous materials 
the plate prevents contamination of liquids by iron from 
pumps, pipework and containers. Expensive alloys can 
often be replaced by Kanigen-plated steel or aluminium. 
It is claimed that the plating solution deposits a con- 
tinuous and completely uniform plate on the most com- 
plex components. Kanigen is recognised both by the 
Ministry of Aviation and by the Air Registration Board 
by whom it has been approved under D.T.D. 900 (4505 
and A.I. 5112 57 respectively. 


Cassiterite Crystals Find 

WuEN the early 19th century Kenyon collection of rare 
British minerals was being prepared for sale recently 
two groups of cassiterite crystals were discovered in a 
jammed drawer, among them some specimens of unusual 
size and beauty, having the form and appearance of a 
perfect gem stone. The crystals were acquired by 
Professor 8S. Tolansky, F.R.S., professor of physics in 
the University of London, who has been Consultant in 
Physics since 1948 to the Tin Research Institute. 

One of the individual crystals, originating from a 
Cornish mine, was the size of a two-carat diamond, deep 
yellow in colour, semi-transparent, and as hard as crystal 
quartz. Professor Tolansky had it mounted on a tie-pin 
without cutting, as its natural shape could not be 
improved upon—and presented the tie-pin to Dr. E. 8. 
Hedges, Director of the International Tin Research 
Council, as an appreciation both of their association in 
the field of tin research, which has extended over many 
years, and as an acknowledgment of the frequent valuable 
help given by Dr. Hedges to his research students. 


100 ton Arc Furnaces 


Brritec-Erco (MELTING), Ltp., have received an order 
from the English Steel Corporation, Ltd., for two 100 ton 
are furnaces for the new Tinsley Park Works, Sheffield. 
Each will have a nominal electrical rating of 35 MVA, 
and shell diameter of 22 ft. The furnaces will have 
rotating bodies and stainless steel bottoms to enable the 
fitting of magnetic stirrers. Birlefeo Amplidyne electrode 
control with pneumatic counter-balance and a recently 
developed novel method of low reactance connection 
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are to be included in the construction. The main circuit 
breakers will be designed and manufactured at the A.E.1, 
Rugby Works and will incorporate “on-load” tap 
change gear. 

For Clyde Alloy Steel Works, Ltd., a similar furnace of 
100 ton capacity and 22 ft. shell diameter, but having a 
nominal electrical rating of 25 MVA, is to be installed at 
the company’s Hallside Works. In this installation the 
transformer will be of English Electric manufacture with 
“on-load”’ tap change gear, whilst the main circuit 
breaker will be an English Electric air blast unit. 


Personal News 


Mr. E. L. Morean, formerly works metallurgist, has 
been appointed chief metallurgist of Workington Iron 
and Steel Co., a branch of The United Steel Cos., Ltd. 
Mr. A. G. Hock, formerly research manager, has been 
appointed metallurgical consultant at Workington. 


Mr. T. Ricumonp has been appointed to the board of 
The Titanic Steel Co., Ltd., a subsidiary of Samuel 
Osborn & Co., Ltd. 

Mr. W. KEEN took office as president of The Electric 
Steel Makers’ Guild on Ist May, 1961, with Mr. R. 8. 
Howes as vice-president and Mr. F. CRANKSHAW as 
secretary. 

At the annual general meeting of the Drop Forging 
Research Association, Mr. R. Bennetr (Smethwick 
Drop Forgings, Ltd.) was re-elected to the council, and 
the following new councillors were elected: Mr. H. G. 
Bown (Firth-Derihon Stampings, Ltd.), Mr. W. E. A. 
REDFEARN (English Steel Forge & Engineering Corpora- 
tion, Ltd.), Mr. D. B. Russexy (Smith & Sons of Saltley, 
Ltd.) and Mr. J. Suakespeare (J. Shakespeare & Co., 
Ltd.). At a subsequent council meeting, Mr. J. H. 
Swan (Stampings Alliance, Ltd.) was elected chairman 
of the council in succession to Mr. W. E. Goicuer, and 
Me. R. K. Jonnson (Forgings & Presswork, Ltd.) and 
Mr. A. L. Stuart Topp (National Association of Drop 
Forgers and Stampers) were co-opted to the council. 

In consequence of a series of appointments announced 
by the Steel, Peech & Tozer branch of The United Steel 
Cos., Ltd., Mr. C. H. Hayter, works manager (Temple- 
borough), is now works manager (Ickles departments and 
bar mills); Mr. R. Scuotey, works manager (Ickles), 
is works manager (flat products); Mr. R. 8. Howes, 
manager of the Spear project, is works manager (steel- 
making and primary mills); Mr. P. Benyon, works 
manager (operational research and work study), is 
personnel manager; Dr. B. B. Hunpy, chief research 
metallurgist, is chief metallurgist; Mr. W. Asn, chief 
works metallurgist, is deputy chief metallurgist ; Mr. H. 
A. LonGpEN, assistant chief works metallurgist, is works 
metallurgist ; and Mr. M. Tuomas, works manager 
(services), is general services manager. 

Mr. ©. J. Bucnanan-DunLop has been appointed 
manager of the Birmingham area sales office of Alcan 
Industries, Ltd., in succession to Mr. D. W. Taytor who 
is to take over management of the London area sales 
office later this year. 

THE appointment is announced of two new directors of 
1.C.1. metals division, Mr. T. H. Gaui (Overseas) and 
Mr. J. R. H. Crane (copper products). Mr. Gallie has 
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been concerned with inetal sales throughout his twenty- 
five years’ service with the company and for the past two 
years has been metal sales manager, Midland region. 
Mr. Crane joined I.C.1. metals division as laboratory 
assistant in 1939 but quickly developed a bent for the 
technical side of metal production. After two years as 
titanium production manager, he was transferred in 1959 
to Lightning Fasteners, Ltd., Witton, as general manager. 


AssociaTeD ELecrricaL Inpustries, Lrtp., has 
appointed Mr. R. F. MarsHat as central education 
manager and Mr. D. Barrp as central personnel manager. 


Mr. D. W. Hammonp has retired as a director of Jessop- 
Saville, Ltd., the steel-making organisation of the B.S.A. 
group of companies. Mr. Hammond joined B.S.A. in 
1917 as assistant chemist, and six years later transferred 
to Jessop-Saville as chief chemist and metallurgist. In 
1932, he was made assistant works manager and in 1936 
he became works manager. He was appointed to the 
local board in July 1942 and was elected a director of 
Jessop-Saville, Ltd., in 1959. 

Mr. F. R. SwinDEn, works manager of The Sheffield Wire 
Rope Co., Ltd., has been appointed an executive director 
of the company, a member of the Firth Cleveland group. 
Mr. 8S. Suaw, M.B.E., welfare and safety officer of 
George Kent, Ltd., was recently, on the occasion of his 
retirement, presented by the company chairman, 
Commander P. W. Kent, R.N., with a cheque subscribed 
to throughout the firm. 

Mr. O. F. Grazesprooxk, J.P. and Mr. J. TENNENT, 
J.P., D.L., following their retirement from the board of 
The British Rollmakers Corporation, Ltd., have been 
appointed joint honorary presidents of the Corporation. 


Mr. R. T. MILER has been appointed managing director, 
and Mr. A. GEORGE assistant managing director, of 
Fletcher Miller, Ltd., a member of the Castrol group of 
companies. Both are also directors of Castrol Industrial. 
Ltd., another member of the group. 


Hiueer & Warts, Lrp., have appointed two new 
representatives—Mr. A. CamMPpBELL for Scotland and 
Dr. E. R. Sayer for the Midlands. Mr. Campbell can be 
contacted at the offices of Elesco Electronics, Ltd., 
2 Fitzroy Place, Glasgow, C.3. (Tel: Central 1082) ; 
and Dr. Sayer at 32 Mountford Crescent, Aldridge, Nr. 
Walsall, Staffs. (Tel: Aldridge 53151). 


Tue Rr. Hon. Lorp Cirrnerog, P.C. has been appointed 
a vice-chairman of Tube Investments, Ltd. Str Ben 
LocksPEIsER, K.C.B., F.R.S., having reached retirement 
age, and Str Francis pe Gurineanp, K.B.E., C.B., 
D.S.0., have resigned from the board as from 30th 
April, 1961. Sir Francis is returning to the Union 
where he will continue to be in charge of T.I.’s 
interests in Southern Africa. Dr. J.M. Kay, at present 
professor of nuclear power at the Imperial College of 
Science and Technology at the University of London, 
has been appointed to the board of Tube Investments, 
Ltd., as director of research and development, from Ist 
July 1961. 

Mr. W. E. BarpcGetrt, research manager in the research 
and development department of The United Steel Cos., 
Ltd., will retire from this position on Ist July but will 
remain with the department as a consultant. Dr. K. 
J. Irvine, at present deputy research manager, will 
succeed Mr. Bardgett with the title of metallurgical 
research manager. 


Jxssor-SavitLE, Lrp., of Sheffield—a member of the 
B.S.A. group of companies—announce the appointment 
of Mr. G. T. Harris as assistant managing director. 
He has been with the Jessop-Saville organisation for 
more than twenty years and has done notable work in 
connection with high temperature steels and the produc- 
tion of vacuum-melted steels and titanium alloys. 
Jessop-Saville also announce the appointment to the 
board of Mr. J. G. Ryper, who recently joined the 
company to take complete charge of production. 


Mr. C. E. Wrancuam has retired from the boards of 
Davy-Ashmore, Ltd., and its subsidiaries. 


Mr. E. T. Sara has been appointed assistant general 
sales manager of The United Steel Cos., Ltd. He will be 
responsible for the district sales offices in the United 
Kingdom, as well as for the commercial research, public 
relations and publicity departments. 


Mr. W. E. Hueues has been appointed director and 
general manager of British Industrial Gases, Ltd., in 
succession to Mr. F. BLackMORE who is now manager of 
equipment development, technical division, The British 
Oxygen Co., Ltd. Mr. Hughes is succeeded as sales 
manager of B.1.G., by Mr. L. H. Prerson, formerly 
field manager. 


Obituary 


WE regret to record the death of the following: 


Emeritus Proressor J. H. ANDREW, professor of 
metallurgy and dean of the faculty of metallurgy in the 
University of Sheffield from 1932 to 1950, who died on 
5th May, 1961, at the age of 74. A graduate and later 
research fellow of the University of Manchester, he was 
in charge of the metallurgical research department of 
Sir W. G. Armstrong-Whitworth & Co., Ltd., from 1914 
to 1920, when he was appointed to the chair of metal- 
lurgy at the Royal Technical College, Glasgow in 
succession to Dr. C. H. Desch. When the latter left 
Sheffield in 1932, Dr. Andrew again succeeded him as 
professor of metallurgy. One of the most distinguished 
metallurgists and teachers of metallurgy of his genera- 
tion, he was in 1949, awarded the Bessemer Gold Medal 
of the Iron and Steel Institute, of which he had been a 
member since 1911 and a member of council since 1941 
Dr. Andrew was a founder member of the Institution of 
Metallurgists, an original member of the Institute of 
Metals, and a past-president of the Institute of Vitreous 
Enamellers. 

Mr. J. W. Rypk, chief scientist of the Hirst Research 
Centre of The General Electric Co., Ltd., who died on 
15th May, 1961, at the age of 63. He joined the newly 
established G.E.C. research laboratories as a physicist 
in 1919, and was a leading member of the scientific staff 
of the laboratories from the start. He had much to do 
with optical systems, and a pocket illumination chart 
for service use—designed in his leisure hours— was used 
extensively in military operations. He was appointed 
chief physicist in 1950 and chief scientist in 1953. 
During these recent years he has had overall respon- 
sibility for the programmes of pure scientific research of 
the establishment, with particular interests in the fields 
of new materials, crystal growing, and solid state physics. 
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Canteen Catering 


Electrical Aids in Industry 


As in every other industry, the main factors govern- 
ing the economics of the catering business are: 
quality of product, cost of production, and well- 
being of workpeople. Electricity measures up well 
to these three essential factors. 

The outstanding virtue of electricity is better 
cooking, particularly in roasting and pastry ovens 
where high quality is more easily maintained than 
in ovens using other forms of heat. The cost of 
production varies somewhat with the type of food 
and the size of the establishment, but is usually 
between 4 and } of a unit of electricity per 
meal. Cleanliness of electric cooking is axiomatic 
and provides better working conditions for the 
staff. 

The actual size of the kitchen is influenced 
greatly by its shape and by the number of people 
catered for, but a rough guide is as follows: 
KITCHEN TO DEAL WITH SIZE 
up to 100 persons 5-6 sq. ft. per person 

100-250 persons 4-5 sq. ft. per person 

250-1000 persons 3-4 sq. ft. per person 
over 1000 persons 3 sq. ft. per person 
Design 
Where the kitchen is designed from the start for 
the full use of electricity, planning is simplified as 
the equipment can be placed where it is required 
without reference to the need for flues. 
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If an existing kitchen is already using other types 
of cooking equipment, however, electrical equip- 
ment can still be introduced item by item to 
bring increasing benefits. 
Quick-service Equipment 
The popularity of the quick-service establishment 
where the food is cooked at the service counter in 
the full view of the customer is steadily growing, 
and this type of catering can readily be provided 
in the canteen by the installation of a Back Bar 
cooking unit, installed behind a section of the 
service counter. 

The popularity of the mid-day joint and two 
vegetables is on the wane and the really up-to-date 
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canteen should provide the welcome alternative of 
fresh food cooked on the spot. 


Electric Catering Equipment 

Electric catering equipment covers every single 
kitchen activity and some of the appliances in 
common use are: 

COOKING. Ranges, boiling tables, steaming, roast- 
ing and pastry ovens, vegetable boilers, fryers, 
griller toasters. 


SERVICE AND WASHING-UP EQUIPMENT. Bains-mariec, 
hot cupboards, tea and coffee machines, washing- 
up machines for the larger kitchen and sterilising 
sinks for the smaller, refrigerated cold-service 
counter and display cabinets, soda fountains. 
PREPARATION. Mixing machines with attachments 
for chopping and mincing etc., potato peeler, 
slicing machine. 

QUICK-SERVICE EQUIPMENT. Infra-red (contact) grill, 
automatic toaster, griddle plate, automatic fryer, 
boiling plates, soup heaters, etc., and, of course, 
the indispensable refrigerator. 


For further information, get in touch with 
your Electricity Board or write direct to 
the Electrical Development Association, 
2 Savoy Hill, London, W.C.2. 

Excellent reference books on the indus- 
trial and commercial uses of electricity are 
available —“* Electric Commercial Catering 
Handbook” (5/-, or 5/6 post free) is an 
example, 

E.D.A. also have available on free loan 
in the United Kingdom a series of films on 
the industrial uses of electricity, including 
commercial catering. Ask for a catalogue. 
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Minimum carburising time, fastest production rates and full 
quality control—these are the advantages of the Wild-Barfield Generated 
Gas and ‘ Carbodrip’ methods. The benefit of many years’ 
research is at your disposal when you write to us for advice on how 

gas carburising can give you a better product more efficiently. 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS * OTTERSPOOL WAY * WATFORD BY-PASS - WATFORD « HERTS + TELEPHONE: WATFORD 26091 (8 LINES) 
W.B. 101 
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High Strength Steel 
A NEw 18%, nickel alloy steel*, claimed to have un- 
matched toughness at the highest strength levels of 
traditional alloy steels, has been developed in the 
Bayonne, N.J., laboratories of The International Nickel 
Co., Ine., and it is believed that this discovery paves the 
way for a new family of high strength *‘ mar-aged ”’ steels 
with advanced engineering design possibilities for appli- 
cations involving exceptionally high pressure and stress. 
Outstanding characteristics are the ability to achieve a 
yield strength of 250,000 Ib. sq. in. (110 tons ‘sq. in.) 
while maintaining a nil ductility temperature below 

80° ~F.; a notch tensile strength exceeding 400,000 
Ib. sq. in. (180 tons sq.in.) with a 0-0005 in. notch 
radius ; and a high resistance to stress-corrosion cracking. 

The new steel has a nominal composition of 18°, Ni, 
7%, Co, 5%, Mo and less than 0-5% Ti, with a maximum 
of 0-05°, carbon. Higher and lower tensile strengths 
can be obtained by modification of this basic composition, 
and there are indications that strength levels of up to 
500,000 Ib. ‘sq. in. (220 tons sq. in.) or even higher may 
be achieved in this type of steel. The properties of 
steels of this type are achieved by “ mar-ageing”’, a 
process involving age-hardening of martensite. With 
proper finishing temperature at the mill followed by 
cooling to room temperature, the treatment consists 
merely of holding for about three hours at 900° F. 
(480° C.) and air cooling. Solution annealing at 1,500° F. 
(815° C.) prior to mar-ageing is optional. Quenching 
is not required and full properties can be developed in 
heavy sections with no distortion problems. 

A 10 ton commercial heat has been produced by air 
melting in an are furnace, and ingots as large as 23 in. 
42 in. from this heat have been rolled into plate on con- 
ventional steel mill equipment. The new steel can 
readily be produced in all commercial shapes, and its low 
work hardening tendency permits extensive cold forming 
operations to be carried out on it. It can be successfully 
welded without preheating, post-weld mar-ageing re- 
storing the heat-affected zone to full strength and 
establishing in the weld metal properties closely approach- 
ing those of the base plate. 

The International Nickel Co. (Mond), Ltd., Thames 

House, Millbank, London, S.W.1. 


* U.S. Patent applied for. 


Heat Treatment Basket Grids 


Ipsen INpusrries, INc., has developed special grids to 
be used with the company’s standard line of heat treat- 
ment baskets. The fixtures are designed to hold long 
pieces or unusually-shaped material during heat treat- 
ment. Both baskets and fixtures are built to allow 
maximum heating or quenching rates for the material 
while permitting maximum net payloads in each charge. 
The heat treatment basket fixtures are made of highly 
heat resistant materials to maintain strength under 
extreme temperature changes and to resist atmosphere 
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MATERIALS : PROCESSES : EQUIPMENT 


Ipsen heat treatment basket grids. 


contamination, and pressure resistant welding gives 
increased strength at all critical points. The height of 
the grid and the size of the openings can be varied to fit 
customer requirements. The grid is anchored by using 
the stacking feature of the heat treatment basket, a 
sleeve-like opening of the grid fitting over the looped 
end pieces of the basket to prevent the grid from sliding 
in any direction. 

Ipsen Industries, Inc., 53 Victoria Road, Surbiton, 

Surrey. 


Reciprotor Vacuum Pump 


Epwarps Hic Vacuum, Lrp., have been appointed 
sole agents, for the United Kingdom and Commonwealth, 
for the new Reciprotor combined vacuum , pressure pump 
manufactured in Denmark. Operated by an electro- 
magnetic vibrator, there are no rotating parts as all 
movement is in an axial direction. The pump is claimed 
to be unique in a number of features, including its very 
compact design, a weight of only 10 lb., and a completely 
oil-free air delivery as no lubrication is necessary. The 
pistons are fitted with specially treated self-lubricating 
nylon rings which slide in hardened, ground and polished 
steel sleeves. The rib-cooled cylinders, the pistons, and 
the housing are entirely of light metal ; the permanent 
magnets are of special steel; and all components are 
cadmium plated, nickel plated, impregnated or varnished 
for protection. 

The Reciprotor is available in two versions. The type 
406G is designed for continuous operation and provides 
a free air displacement of 1-62 cu. ft. /min., a vacuum of 


4 
d 
ad 
‘ 
‘ 
1 
x 
wl 
309 


The Reciprotor vacuum pump. 


18in. Hg, and a maximum pressure of 7-8 Ib./sq. in. 
The type 606G is rated for intermittent operation only, 
but has an improved performance, delivering air at 
1-77 cu. ft./min., and attaining a vacuum of 22 in. Hg 
and a maximum pressure of 10-7 Ib. /sq. in. 


Edwards High Vacuum, Ltd., Manor Royal, Crawley, 
Sussex 


Electric Measuring and Control System 
with True Two-Wire Working 


HoneYWELL ConTROLS, Lrp., are now marketing a new 
electric measuring and control system with true two- 
wire D.C. transmission. Described as fully integrated 
instrumentation, the equipment is of completely original 
design embodying modular principles. It is known as 
the ElectriK Tel-O-Set system and is believed to be the 
first two-wire transmission instrumentation to emerge. 
Direct current transmission of the signal at 4-20 mA. is 
used along a pair of wires that also carry the 42 V. D.C. 
power supply. There are no field power connections and 
shielding of the transmission wires is not required. 
Suitable for any of the usual industrial process control 
duties, the ElectriK Tel-O-Set system provides many 
modes of control including, ‘ proportional plus reset plus 
rate action.’ 

The basic system comprises a transmitter, a 5} in. 
< 6in. receiver-controller and a valve operator. The 
variety of standard alternative units is considerable and 
includes circular scale as well as strip chart controllers, 
simple recorders, millivolt-to-current transmitters, 
process-pressure-to-current transmitters, differential 
pressure-to-current transmitters, transducers for 
standard pneumatic-to-electric signals and vice versa ; 
additionally, the control unit with the Tel-O-Set recorder 
may be arranged for front-of-panel or back-of-panel 
adjustment. All these units are fully transistorised. 
All field units operate on the force-balance principle and 
can be used in ambient temperatures of 40° F. to 150° F. 
The recorder instruments have a 6-month ink supply, 
daily chart tear-off, and 30-day rewind. Process and 
external electrical connection to field-mounted trans- 
mitters are isolated from inside the case for convenience 


in maintenance. 
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The ElectriK Tel-O-Set system will find its applications 
in chemical, petroleum, electricity supply, nuclear, steel, 
water treatment, and other industries and research. 
Honeywell Controls are to supply their first big scheme 
of this kind for the 720-mile northern Indian pipeline for 
Oil India Pte., Ltd., this year. 


Honeywell Controls Ltd., Greenford, Middlesex. 


Seam-Welding Blanks 


JounsoN MatrHey announce that a wider range of 
rough-machined seam-welding wheel blanks in Mallory 3 
can now be supplied from stock. In the interests of inter- 
national standardisation, the blanks are now available 
in metric sizes, as recommended in B.S. 3067. The new 
range includes all the commonly used sizes listed in the 
specification, and the metric sizes are very close to the 
superseded inch sizes. Details of the new range of sizes 
are given in leaflet 7200/3, ‘ Resistance Welding 
Electrode Materials.” 

Johnson, Matthey & Co., Ltd., 73-83 Hatton Garden, 

London, E.C.1. 


Improved Nilox Apparatus 
Tue Southern Analytical Nilox apparatus is now avail- 
able in a new and improved form. It has been designed 
to remove safely oxygen from gases such as argon, 
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The Nilox gas purifier. 


hydrogen and nitrogen. For example, a typical oxygen 
content in ordinary commercial nitrogen is 2,000 p.p.m., 
but after purification with the Nilox the figure is 0-2 
p.p.m. Nilox contains no electrical or moving parts, 
its chemical reagents are continuously regenerated, and 
it will deal with flow rates up to 20 litres per hour. 


Southern Analytical, Ltd., Frimley Road, Camberley, 


Surrey. 
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Book Notices 


MEASUREMENT OF LOAD BY ELASTIC DEVICES 
Published for the Department of Scientific and Industrial 
Research by H.M. Stationery Office. 3s. (by post 3s. 4d.) ; 
U.S.A. 54 cents. 

Tue development of accurate elastic devices was first 
prompted by the need for a convenient means of verifying 
machines for testing materials in tension and compression. 
Other uses for elastic devices now include the measure- 
ment of forces applied to experimental structures and 
the thrust of jet engines and rockets. They are now also 
being very extensively used as weighing units in industry, 
ranging from portable units for weighing aircraft, to 
built-in units for weighing large storage hoppers and 
silos. 

This latest addition to the N.P.L. series ‘‘ Notes on 
Applied Science,” deals with the measurement of load 
by elastic devices. The Note defines the technical unit 
of force used when elastic devices are calibrated and 
outlines the facilities available at the National Physical 
Laboratory for their calibration. Descriptions and 
comments about their use are given for the more common 
types of elastic devices such as proving rings, standar- 
dising boxes, hydrostatic load capsules and electrical 
resistance strain gauge load cells. Guidance is also 
given on the accuracy of load measurement which can 
be expected from many of these. Two final sections 
deal with temperature corrections and methods of 
plotting the calibration results graphically, thus per- 
mitting interpolation between calibration loads and the 
accurate transfer from one system of units of force to 
another. 


HALDEN BOILING HEAVY WATER REACTOR 
PROJECT 


Sreconp ANNUAL REPORT 


151 pp., 51 illustrations, sketches and graphs. Published 
by the O.E.E.C. European Nuclear Energy Agency. Obtain- 
able from H.M. Stationery Office. 
Tue O.E.E.C. Halden Reactor Project was established 
in 1958 by an agreement which provides for its governing 
body to report to the Steering Committee of the O.E.E.C. 
European Nuclear Energy Agency (ENEA) on the general 
progress of the work of the Project. The first report 
covered the initial sixteen months of joint operations 
during which the international staff was built up, the 
research programme finalised, and the reactor commis- 
sioned and brought critical. The present report deals 
with the subsequent fourteen months to the end of 1960. 
The reactor, which is situated at Halden in southern 
Norway, is owned and operated by the Norwegian 
Institutt for Atomenergi (IFA), which bears the full 
responsibility for reactor safety, although international 
specialists from the signatory countries participate in 
reactor operation. The principal objectives of the 


present programme are to provide experience in the 
operation of a heavy boiling water reactor, to establish 
an understanding of the physics and dynamics which 
govern its performance, and to develop means of accurate 
measurement within the core. 
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The reactor first became critical in June, 1959, and an 
initial series of low-power experiments was completed by 
January, 1960, when the reactor was shut down to 
enable checks and modifications to be carried out before 
continuing with further experiments at high power. 
The fuel elements were repaired to remedy the effects of 
corrosion, the heavy water purification system modified, 
and the leak-tightness of the reactor hall improved. 
The reactor was started-up again in August, 1960, and 
achieved boiling for the first time on 5th October, at 
3 MW. 

Joint operation of the reactor is spread over two 
periods, during the first of which it will function at 
5 MW. with a natural uranium fuel charge. During 
the second period, which is due to begin at the end of 
this year, the reactor will be brought up to its maximum 
rating of 20 MW. with an enriched uranium second fuel 
charge. 

The present publication covers not only the technical 
progress achieved during the period under review, but 
also gives a full detailed description of the reactor 
installation and the general administration of the 
Project. The report is in six sections, of which the first 
surveys briefly the historical background of the Project, 
its structure and objectives, and a number of adminis- 
trative details, including staff organisation, contracts 
policy, arrangements covering information and patents 
resulting from the experimental work, and finance. 
The other sections cover the reactor design and con- 
struction, fuel, reactor operation, safety organisation, 
and the research programme. There is also a list of 
reports published on the Project. 


Trade Publications 


THE Super Permo electrical iron featured in a new leaflet 
issued by Samuel Osborn & Co., Ltd., is a high quality 
product comprising 99-7°% pure iron which possesses 
high magnetic permeability with low remanence and 
coercive force properties, which are essential in electro- 
magnetic parts where high magnetic induction is required. 
The leaflet gives details of composition and heat treat- 
ment and presents the results of magnetic tests on the 
material before and after annealing. Reference is also 
made to the machining of this material and to suitable 
applications. It is available as bars, wire, forgings, 
plates and strip, special sections and castings. 


For almost half a century, Lectromelt furnaces have been 
prominent in the electric melting and smelting field, the 
makers having pioneered developments such as top 
charging, power operated electrode holders, oversize 
roof rings for improved roof life, etc. Now G.W.B. 
Furnaces, Ltd., of Dudley, Worcs., are able to offer these 
furnaces and their services to concerns in the United 
Kingdom and certain British Commonwealth countries, 
and a new illustrated brochure has recently been intro- 
duced by the company showing the salient features of 
the furnaces and associated handling equipment. 
G.W.B.-Lectromelt furnaces range in capacity from 
200 Ib. to 200 tons and include submerged are types. 
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M. R. Trumvt is a firebrick of true mullite composition, 
in which there is no free silica. The structure consists 
of massive interlocking mullite crystals together with a 
small percentage of corundum. These bricks can be 
safely used in ordinary furnace walls with hot face 
temperatures as high as 1,760° C., and a leaflet recently 
issued by the makers, Morgan Refractories, Ltd., gives 
details of typical properties, and shows the effect of 
excess silica on deformation under load at temperature. 


SPECIFICATION SHEET SS.O10, recently issued by George 
Kent, Ltd., deals with Commander air-operated receiving 
instruments, which are Bourdon-tube operated unless a 
tractor-wheel type integrator is specified, in which case 
a mercury-U-tube-operated instrument is supplied. 
Instruments available in this series include circular- 
chart recorders, circular-chart recorder controllers, 
sector-scale indicators, sector-scale indicator /controllers 
and cireular-scale indicators, and the leaflet gives full 
specifications including dimensions and mounting details. 


Asstracts of papers presented at the 47th Annual 
Technical Proceedings of the American Electroplaters’ 
Society (which reflect, in particular, work on methods of 
improving the corrosion-resistance of nickel, chromium 
electrodeposited coatings) form an interesting feature 
of the March issue of The Nickel Bulletin. In the section 
covering literature on the production, properties, fabrica- 
tion and applications of heat- and corrosion-resisting 
alloys and steels, items on stress-corrosion cracking 
(including a comprehensive survey of the subject by 
the American Society for Testing Materials) are worthy 
of particular note. Low-temperature tests on pressure 
vessels fabricated from 9°; nickel steel in various con- 
ditions of heat treatment are among the investigations 
referred to in the section of the issue concerned with 
structural steels, and in the general section attention is 
drawn to a compilation of data on the low-temperature 
properties of various high- and low-alloy nickel-contain- 
ing alloys and steels. 


WE have received from the Incandescent Heat Co., Ltd., 
leaflet No. FP.5 showing the wide use of Whiting dust 
arresters on cupolas. These are manufactured by the 
Incandescent foundry plant division in association with 
the Whiting Corporation of America. The division also 
makes other Whiting equipment, including hot metal 
receivers, chargers, hot blast heaters, cupolas, and ladles. 


AN interesting article in the April 1961 issue of Finishing 
Facts, the 1.C.1. paints division publication, describes the 
production of painted metal strip at the works of 
Metalon Steels, Ltd., of Willenhall, Staffs. This material 
is intended to speed up production and it is said to be 
capable of being formed without damage to the coating 
so long as the tools are in good condition. Other articles 
deal with nylon-sheathed copper wire, finishes for textile 
machinery, and the use of impregnating varnish in the 
production of electric traction motors. 


Tue Pyrene range of de-rusting materials is featured in a 
new leaflet issued by the metal finishing division of The 
Pyrene Co., Ltd. These include Preperite No. 1 and 
Preperite No. 3, uninhibited and inhibited rust removing 
solutions, respectively, Paste Preperite suitable for spot 
de-rusting, and Pyroclean No. 201 which may be used as 
a de-rusting solution or for the removal of scale and 
sludge formed on heating coils in Bonderizing and 
Parkerizing plants. 


For the first time since Associated Electrical Industries, 
Ltd., began trading as a single entity, it has been possible 
to review the work and progress of its engineering 
divisions and trading companies. This has been done in 
a new publication in which the review is divided into 
four main sections—generation and supply, industry and 
commerce, transport, and science and medicine, each 
of which contains material likely to be of interest to 
readers in the particular field. In previous years this 
material has appeared in the house organs of the indi- 
vidual companies, particularly in the M-V Gazette and 
B.T.H. Activities. 


GR 341° dolomite bricks, first made by General 
Refractories, Ltd., in 1938-39 as a ** wartime ” measure, 
have since found extensive use in basic electric furnaces 
and basic bessemer converters, and improved production 
methods have made possible the extension of their use to 
other fields. A new leaflet issued by the company gives 
the standard sizes, chemical analysis and _ physical 
properties, together with illustrations of their use. 


AN article describing some of the factors involved in the 
production of plastics components by the injection 
moulding process is a highlight of the April/June 
issue of The Forge, quarterly journal of the Brockhouse 
organisation. Also included is this issue is ‘ Highway 
to Vehicle Recovery and Service,’ a feature which tells 
the story of the pioneer work carried out by Harvey 
Frost & Co., Ltd., a member of the Brockhouse group, 
in the development of modern garage servicing equipment. 


THE article most likely to be of interest to readers of 
MeTALLURGIA in the April 1961 issue of A.EJ. Engi- 
eering is one describing a new hot reversing mill for 
aluminium. This is the 144 in. wide mill, recently com- 
missioned at the Rogerstone Works of Alcan Industries 
Ltd., which was described in our November 1960 issue. 
The present article describes the electrical equipment in 
a more detailed manner. Other articles deal with 
British commercial nuclear power today ; a computer 
for commerce and industry; improved dielectrics 
produced by means of high-energy radiation ; and recent 
developments in adsorption drying. 


REFERENCE is made in the Spring 1961 issue of T'urn- 
bridge News, to the use of a Holmes inert gas generator 
installed at Swansea for purging a zine lead blast furnace 
condensation system of carbon monoxide before opening 
up for maintenance purposes. Other technical items 
deal with the butane /air plant at Hereford and the inert- 
gas fire-extinguishing system on the Oriana. Copies 
may be obtained from W. C. Holmes and Co., Ltd., 
Turnbridge, Huddersfield. 

WE have recently received a copy of the English edition 
of the first issue of the Bulletin of the European General 
Galvanizers Association: French, German and Italian 
editions are also being published. The Bulletin is 
intended for users of galvanized steel and in each issue 
some of the more important fields of application will be 
reviewed. In this first issue, the main articles dealing 
with railway applications, with steel framed buildings, 
and with progress in the galvanizing industry, have been 
contributed by Dutch, Italian and German authors. A 
news section briefly describes and illustrates a number of 
unusual applications. The Bulletin is issued free of 
charge : application should be made to the Zine Develop- 
ment Association, 34 Berkeley Square, London W.1. 
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Wild-Barfield A.H.F. equipment is used by Wolf Electric Tools, He ae 
Ltd., (manufacturers of the well-known Wolfcub drills etc.), for 
the hardening and tempering of small gears, shafts and pinions. 
Many other industrial concerns have found that Wild-Barfield 
A.H.F. induction heating speeds production, saves space and 
offers savings all along the line. Our engineers will be glad to 


supply further details and explain how Wild-Barfield A.H.F. 


equipment can help you. 


[ B ARTIF LD a) Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS Telephone : Watford 26091 (8 lines) 
we 64 
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Metallurgists! 
for specimen preparation 
use 


NASHTON 


metallurgical equipment 


Time lost preparing specimens the 
ordinary way can cost you an expensive 
number of technologist-hours over the 
year. But you can save this time— 

Nash & Thompson, manufacturers of 
metaliurgical tools, can save it for 
you—with this selection of their 
Nashton “from start-to-finish" 

range of modern specimen 

preparation equipment. 


1 Metallurgical Mounting Presses 

For mounting specimens in bakelite or diakon 
moulds for their speedier and more efficient 
polishing, etching and examination. 

Models for mould diameters. 1 in., 14 in. 

and léin. £138. 2in. £200. 

2 Wet Pre-grinder 

Replacing the usual improvised grinding 
plates, this simple inexpensive assembly 
presents four 11 in. x 14 in. silicon carbide 
waterproot abrasive surfaces continuously 
washed by water jets. £12 plus £6.3.6 

for four 50 ft. rolls of abrasive paper. 

3 Vibratory Polisher 

This equipment drastically reduces man-hour 
costs of specimen preparation—can polish 
any number of specimens from 2 to 18 at one 
loading without attention. £120. 

4 Micro-Hardness Tester 

Applying loads of 1 gram to 200 gram, this is 
an ideal unit for the hardness testing 

of all small parts, including 0.0005 in. foil, 

fine wire, case hardened parts, etc. 

£280 £340. 

Also available (not illustrated) : 

Electrolytic Polisher. This removes 

the surface structure of the metal by 
electrolysis and is ideal for single and 
multiphase alloys. 

Electron Microscope. For metallurgical work— 
resolution 20 Angstroms, magnification 
better than 100,000. 


Please write for technical 
data stating your problems 
and requirements 


Nash and Thompson nie 


Hook Rise South, Tolworth, Surbiton, Surrey. 
Telephone : FLMbridge 5252 
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LABORATORY METHODS 


MECHANICAL - CHEMICAL - PHYSICAL - METALLOGRAPHIC 
INSTRUMENTS AND MATERIALS 


An Improved Tensile Testing Apparatus 
By N. C. Balchin, B.A., and B. L. Mordike,* B.Sc. 


(Research Laboratory for the Physics and Chemistry of Solids, University of Cambridge) 


A method of tensile testing is described in which accurate indication of load is obtained 
by the use of a compliant spring, and in which the strain-rate is maintained constant 


Vol. No. 380 


as if an infinitely stiff spring were employed. 


essentially of a specimen and a spring carrying the 
same load. The assembly is stretched at a constant 
rate by a motor drive, and the elastic deformation of the 
spring gives a measure of the stress. The result of the 
test may vary with the division of extension between the 
spring and the specimen. With a compliant spring, 
nearly all the extension occurs there, and a constant 
rate of increase of stress is approached, while a stiff spring 
imposes a nearly constant strain rate on the specimen. 
The effect of strain rate on yield strength and on ulti- 
mate strength is not normally very marked at room 
temperature, but at higher temperatures appreciable 
differences occur ; for example, an increase can raise the 
whole stress-strain curve to higher stress values. For 
results to be strictly comparable it is necessary to define 
closely the conditions of test, especially in regard to 
constancy of stress-rate or strain-rate. 


tensile testing apparatus consists 


* Dr. Mordike is now CIBA Research Fellow at Institute for Metallphysik, 
(rottingen, Grermany. 
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At high temperatures materials deform mainly in the 
plastic mode at a low load. Consequently, if an accurate 
indication of load is to be obtained, a compliant spring 
must be used. A method is described below in which a 
compliant spring is used, and in which the strain-rate is 
maintained constant as if an infinitely stiff spring were 
employed. To achieve this, the deflection of the spring is 
* backed-off,” by an externally-imposed movement of 
its free end, so to maintain one end of the specimen in a 
fixed position (Fig. 1). A constant strain-rate is obtained 
simply by pulling the other end at a constant speed. 

The rotation of the servo motor is proportional to the 
stress and that of the constant-speed motor to strain, 
so they may be used to drive a stress-strain curve tracer. 
A suitable detector element is a resistance strain gauge on 
a bow spring. The above system may seem to be of much 
greater complexity than the conventional one: this is 
not so if a self-balancing recording instrument is used, as 
may be necessary for apparatus working in a vacuum 
(Fig. 2). 
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Since the extension of the specimen can now be 
satisfactorily defined, a constant rate of increase of true 
strain may be imposed, should this be desirable for any 
particular investigation. This could be done by use of a 
cam driven by a constant-speed mechanism, or of another 
servo of a modified velodyne type. By simply exchang- 
ing the positions of spring and specimen (or the electrical 
connections to the motors if these are of the same type), 
a constant strain rate in the spring, and hence a constant 
stress rate in the specimen is obtained. 

A constant stress for the study of creep may be 
achieved by omitting the constant-speed motor: the 


Exhibits of Metallurgical Interest at the Physical 


system will automatically correct any variations from the 
desired condition due to the creep of the specimen, etc. 

A similar system could be applied to other tests where 
the result is affected by the compliance of the measuring 
device, for example in determinations of coefficients of 
friction. 
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Differential Cathode Ray Polarograph 
T's Nashton differential cathode ray polarograph 


is a production version of the equipment developed 

by H. M. Davies, H. J. Shalgosky and J. E. 
Seaborn, of the U.K. Atomic Energy Authority, Wool- 
wich. The final prototype was shown on the U.K.A.E.A. 
stand at ACHEMA (the German Chemical Plant Exhibi- 
tion) at Frankfurt-on-Main, 9th-17th June, 1961. 


This new instrument, made by Nash & Thompson, 
Ltd., can be used as an analytical tool for chemical and 
metallurgical examinations of many kinds. It has two 
identical polarographic cells, which can be used separ- 
ately or together. There are synchronising devices which 
ensure that both mercury-drop cathodes grow and fall 
simultaneously in twin cell operation. The two cells are 
housed in an airtight Perspex chamber, through which a 
flow of nitrogen is maintained. Nitrogen is also bubbled 
through the cells themselves before a determination is 
carried out, to eliminate effects due to dissolved oxygen 
in the solution. The cells are fed through tap funnels and 
exhausted by vacuum suction, so that the working 
solutions can be removed or replenished without opening 
the chamber. Mercury can be drained from the cells by 
means of a separate tap. 


The D.C.R.P. is claimed to have a greater maximum 
resolving power than the normal cathode ray polarograph, 
and to be between 7 and 10 times more sensitive in 
single cell operation. This is mainly due to the provision 
of ‘base line slope compensation, whereby residual 
currents due to earlier reductions can be cancelled by the 
application of a small opposing current (maximum 


0-1 mA.). 


Using two cells, the D.C.R.P. is between 1 and 50 
times more sensitive in ‘ derivative ’ operation, depending 
on the resolution required, and 10-11 times more sensi- 
tive by the subtractive method; specially purified 
reagents are not required. In comparative polarography, 
determinations with a coefficient of variation better than 
0-2% are possible. Peak heights can be measured over 
a maximum height of 100 mm. to an accuracy of + 0-5%. 


(Continued from page 262 of the May issue) 


In derivative operation the trace approximates to the 
first algebraic derivative of the current wave form for a 
single cell. Time constant networks of 0-01 or 0-03 
seconds can be used to obtain derivative displays of the 
wave forms produced in single cell, subtractive or 
comparative operation, and second derivative traces in 
derivative operation. The shorter time constant is used 
where the highest resolving power is required and the 
peak heights obtained with maximum sensitivity are 
about 8 times greater than with the ordinary cathode 
ray polarograph. With the longer time constant they 
are approximately 20 times greater. 


High Temperature Heating Elements and Thermo- 
couples 


For heating furnaces to temperatures as high as 
1,800° C., Metals Research, Ltd., have developed a new 
type of heating element—the Pyrotube—which consists 
of a molybdenum heater sheathed by a pure recrystallised 
alumina tube. The impervious sheath is sealed at the 
lower end and closed at the top by an appropriate 
header which contains the electrical terminals and the 
connections for the protective gas supply. Cylinder 
hydrogen, used at very low flow rates to prevent oxida- 
tion of the molybdenum, is confined within the Pyrotube. 
The heated zone starts 3 in. from the bottom and extends 
upwards for 6in. or 12 in. in the two standard types. 
These robust, easily replaceable elements are capable of 
heating furnaces to 1,800° C. in oxidising or reducing 
atmospheres. The very low silica content (0-02°,) of 
the sheath eliminates contamination of the charge. 

Of similar construction are the Pyrosheaths— 
tungsten /tungsten-rhenium thermocouples enclosed in 
an alumina sheath with arrangements similar to those in 
the Pyrotube for maintaining the protective atmosphere 
and sealing the electrical leads. Pyrosheaths are suitable 
for continuous use at 1,800° C. (31 mV.) in oxidising and 
reducing atmospheres. 

Pyrotube furnaces may be simply and inexpensively 
built in a wide range of shapes and sizes. 

(continued on page 318) 
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The Use of the Inverted Microscope for Series 


Micro-Hardness Testing 
An Application to Dilute Lead-Antimony Alloys 


By E. J. Hooker, M.A., Ph.D.* 


Unavoidable errors in micro-hardness measurements arising from incorrect counterpoising on 
inverted microscopes can be allowed for by including a standard test-piece within each specimen 
mount and measuring its hardness under the same conditions of balance. 
then be obtained to correct the hardness of the other specimens in the mount. 


A multiplying factor can 
An investigation 


employing this technique showed the linear increase in hardness with alloying additions of lead 
containing up to 0-8%, antimony under equilibrium conditions at room temperature, and the 


carried out using an inverted microscope, and 

with the attachments available for the Vickers 
projection microscope! the only step between making 
an indentation and measuring it is refocussing the 
objective. A number of tests may be made quite quickly 
on a single specimen for the purpose of comparing 
hardness values at a number of points, such as between 
phases. Each specimen, however, has to be counter- 
poised individually before putting on the indentation 
load, and although it is claimed that the pivot bearings 
of the instrument are sufficiently free to permit balancing 
to be carried out with a sensitivity better than 100 mg., 
this can represent a substantial source of error when low 
loads of the order of 1 g. are used for soft materials. 

It is often required to compare hardness values bet- 
ween specimens, and where these are of such size or 
number as to preclude their being mounted together 
within a single specimen holder, the source of error 
mentioned above can clearly lead to misinterpretation 
of the results. Nevertheless, it has been found possible 
to correct these errors if a small sample of a standard 
material can be included in each specimen mount. The 
hardness of this standard sample can then be measured 
under the same conditions of balance adjustment as the 
samples for examination and, by assigning a suitable 
constant hardness to all the standard specimens, a 
correction factor can be calculated for multiplying the 
hardness readings of all the specimens in each mount, 
thus producing a series of hardness values which may be 
compared directly with each other. A more detailed 
account of its application to a particular case will serve 
as a suitable example of this technique. 


Micro-Hardness Testing of Lead-Antimony Alloys 


The lead-rich end of the lead-antimony system? 
contains a region of a-solid solution with decreasing 
solid solubility of antimony in lead at the lower tem- 
peratures. These alloys are, in fact, age-hardening, and 
when they are solution treated and quenched, and then 
strained in excess of certain critical amounts, recovery 
on storing at room temperature is accompanied by the 


> Telephone Cables Ltd., Dagenham Dock, Essex. 
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distinct hardness curve of age-hardened specimens commencing at 0-2°,, antimony. 


LEAD 


SLEEVE 

> RESIN 

Ss Ss 
PLASTICINE 
$ PLATE GLASS 2 
S - SPECIMENS 
(a) (b) 
Fig. 1.—Sectional diagram illustrating specimen 


mounting for micro-hardness testing: (a) method of 
constructing mount; (b) completed mount. 


appearance, in the region of the original grain boundaries, 
of recrystallised areas containing particles of dis- 
continuously precipitated antimony-rich material. It 
was desired to compare the micro-hardness of these 
regions with those of aged, unstrained areas, and to 
observe how these values were dependent on composition. 

Specimens were used which had become available 
from a previous investigation into this alloy field® and 
consisted of a range of lead-antimony alloys, containing 
less than 1°, antimony, some of which had been strained 
by up to 10°%, and all aged at room temperature in excess 
of four years. A selection of these was made and 
portions of a number of strained and unstrained speci- 
mens containing 0-2%, 0°4%, 0-6% and 0-8% 
antimony were mounted singly or in pairs, each with a 
piece of standard unstrained pure lead cut from a com- 
mon sample. 

Due to the softness of the lead alloys used, certain 
difficulties were met in the metallographic preparation 
for micro-hardness testing of specimens mounted in the 
normal manner, and it was found advisable to arrange 
for the specimens to have their surfaces for examination 
standing proud of the mounting medium. This was 


effected by using a lead mounting sleeve which was 
placed on a plate-glass surface and the rough-ground 
specimens for examination arranged within it (see Fig. 1). 
The remaining space within the bottom } in. of the sleeve 
was then carefully packed with plasticine to form a seal 
and the remainder of the mount filled with a cold 
When the resin was set, the mount was 


curing resin. 
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Fig. 2.—-Corrected results of micro-hardness 


aged lead-antimony alloys: (a) 
(b) equilibrium hardness curve. 


lifted from the glass plate and the plasticine removed, 
leaving a composite specimen which could be ground and 
polished without difficulty, by virtue of the support 
afforded by the lead sleeve. The final etching reagent 
used prior to micro-hardness testing was that described 
by Worner and Worner*, which contrasts areas contain- 
ing continuous and discontinuous precipitation of 
antimony. 

The micro-hardness testing was carried out in the 
areas of continuous precipitation in the unstrained 
specimens, and in the recrystallised areas containing 
discontinuous precipitate in the strained specimens. A 
number of indentations, made under a load of | g. applied 
for 15 seconds, were measured in each of these and also 
in the standard, pure lead specimens. The averages of 
the results obtained are given in Table I. 

The identical standard lead specimens gave a range of 
hardness values with a standard deviation of 0-39 
hardness units, equivalent to a coefficient of variation of 
5-5%. This value indicated the extent to which the 
other hardness results might be in error for reasons 
associated with the difficulty in obtaining identical 
balance conditions in each case. 

To carry out the correction procedure, it was first 
necessary to select a standard value for the hardness of 
the pure lead specimens, and the mean of the results 
obtained in the tests seemed an obvious choice. A 
multiplying factor was then calculated for each mount 
to produce a hardness for the standard lead specimen of 
7-04 units, and this factor was used to correct the hard- 
ness values of the other specimens in the same mount. 
For the purposes of comparison with normal, macro- 
hardness tests, it should be noted that the Vickers 
diamond pyramid hardness of the pure lead specimen 


—UNOORRECTED MICRO-HARDNESS LEAD- 
ANTIMONY ALLOYS 


(Vickers diamond pyramid: 1 g. load for 15 sec.) 
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Hardness Number 
Antimony - - — ——— 
Content Unstrained Strained Specimen Standard 
Specimen Recrystallised Area 


6-5 
6 


Mean 


tests on 
age-hardening curve ; 


Fig. 3.—-Micro-hardness indentations in recrystallised 

region of 0:8°,, antimony alloy, showing relative sizes of 

precipitate particles and indentations and the dispersion 
of the precipitate. 500 


would be about 4-0 units for a 1 kg. load. The corrected 
results are given in Table IT. 

The reliability of these corrected hardness values can 
be assessed by plotting them against composition as in 
Fig. 2. It can be seen that the results lie substantially on 
two straight lines, one with a slight slope showing the 
moderate hardening effect of antimony in lead under 
equilibrium conditions, and the other with a more 
pronounced slope showing the effect of age hardening. 
These two lines intersect in the region of 0-2°, antimony, 
supporting the results of earlier microscopical work that 
this is the limit of solid solubility of antimony in lead 
at room temperature. 

The regions containing discontinuous precipitation in 
those alloys of over 0-2%, antimony will all have matrices 
of this composition, and the slight increases in hardness 
will be due to greater amounts of precipitated antimony. 
Although these precipitated particles are, doubtless, 
considerably harder than the matrix, their hardening 
action is solely due to their ability to restrict slip, since, 
even in the 0-8% alloy, they constitute only about 
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1-5%, of the total volume of these regions, and neigh- 
bouring particles will be too far apart for their own 
hardness to play any substantial part in that of the total 
assembly. A parallel case which might be cited is the 
insignificant increase in the effort required to stir a 
Christmas pudding when a few sixpences are added. 
This point is further demonstrated by Fig. 3 which shows 
two micro-hardness impressions in an area containing 
discontinuous precipitate in the 0-8°%, antimony alloy. 
The dispersion and small size of the precipitate particles 
relative to the indentations can be readily appreciated. 


never be outdated, and that we do need to consider our 
metallurgical courses, to see whether we have the text 
books to match them. 

“ The matter is urgent and important. Nationally 
the methods of technical education have just been re- 
considered, and it has been decided that we need three 
grades of person, who, for want of better terms, are 
designated the craftsman, the technician and the tech- 
nologist. The qualifications of this Institution are 
qualifications at the grade of technologist, and we are in 
the course of revising our requirements in a form which 
will serve the needs of the next decade. The three 
grades are primarily grades of temperament and capacity, 
but it is important to realise that no man is entirely a 
craftsman or entirely a technologist. I am a craftsman 
when I consider how I am to frame my sentence, but a 
technologist, scientist or philosopher when I consider 
what I want to say. No craftsman is so dull as not to be 
interested, at the proper level, in the whys and where- 
fores of his craft, and no scientist is so exalted as not to 
be grateful for a cookery book recipe when he needs it. 
Indeed I notice that the more distinguished a man is as a 
theoretician, the more cookery book minded he is when 
he comes to a job of practical work outside his specialit y. 
It is therefore our interest to see that all three grades 
are properly served with good text books of their kind, 
and that distinguished quality of mind which is so imp or- 
tant in arousing the will to study is evident in them all. 

“ The qualities required are different, because t he 
people to whom they must appeal are different. There 
are four levels of scientific writing. The fountains of 
knowledge are the original papers, which, published by 
independent societies and subject to the discipline of 
open criticism, record the results of scientific experiment 
or technological enterprise. The second level is the 
critical review, made necessary by the multiplicity of 
original publications, whose chief function is to lead the 
enquirer to the relevant papers, and protect him from 
the irrelevant. Both these are the province of the inde- 
pendent scientific society, and professional people should 
support their activities and protect their independence by 
every possible means. The third level is the text book, 
which takes a range of subject matter either broad or 
narrow, and presents it with the best possible degree of 
correctness and balance, and the fourth is the primer 
which introduces a subject with emphasis on all that is 
basic and permanent. These are primarily the respon- 
sibility of the universities and technical colleges, but the 
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professional society may properly take an interest in 
them. 

“ Text books at the professional level fail in one of 
their main purposes if they do not lead to the habit of 
consulting the primary sources, and consequently they 
must be able to develop curiosity, judgment, and 
appreciation of intellectual values and of intellectual 
pleasures. A great difficulty is to know at what distance 
behind current research they should follow, for if they 
are too close there is danger that they will lend authority 
to opinions that subsequently prove to be wrong, and 
if they are too distant they will be ousted by less sound 
treatises that seem to be more exciting. A degree of 
dogmatism is necessary, for even in the most advanced 
treatments the reader requires a clear lead, but dogma- 
tism tends to generate a certain brutality, and is safe 
only in the hands of people of a sensitive and idealistic 
temperament. 

“ The characteristics of books at the technician level 
are thoroughness, attention to detail and awareness of 
the contemporary scene. The technician is generally 
the man who handles the job and he must know what he 
is doing, and why. He is making something, or pro- 
viding a service, that is wanted now. The academic 
standard is not necessarily less than that of books at the 
professional level. On the contrary some of the most 
exhaustive and exacting treatments are to be found in 
books with the technician's approach. But the range 
is generally narrower, and the objective more restricted. 
These books are essentially for the people who delight 
in being experts. Nevertheless, everyone, no matter how 
wide his range of interests, must be expert at something 
if he is to be really useful. The metal physicist at some 
stage of his career must generally be an expert micro- 
scopist, and the theoretical physical chemist an expert 
vacuum technologist. Everyone therefore has need of 
books of this kind. 


“ The technician’s text book can be hard, efficient and 
uncompromising. The primer offered to the young man 
straight from school, who is on trial to find out how far 
he can go, and to whom the subject he is attempting is 
very much on trial, is a more delicate instrument, for it 
requires understanding of the attainments and needs of 
the recipient, and the power to convince him of the worth 
of the work he is setting out to do. Most of all, it needs 
to be unfailingly exact in its selection and presentation 
of fundamentals, for we all learn best when we are 
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youngest, and what we learn then underlies everything 
that we do later. 

“ All these books, with the possible exception of the 
last, should preferably be written by younger men, 
although the co-operation of the younger man and the 
more experienced has sometimes been very successful. 
Their writing requires intellectual qualities of a very 
high order, and one of our main objectives should be to 
persuade those organisations that have the respon- 
sibility of recognising merit that it is work of equal or 
greater value than much of the ‘ original ’ research upon 
which money is now so freely spent, and is equally 
deserving of being recognised by degrees and advance- 
ment. If we see ways of doing so usefully, we should be 


prepared to spend money on it and try to interest the 
brighter young men in the problem of producing books 
that will survive as standard text books for the period 
of their working lives. 

“ In saying this I do not wish to be understood to agree 
with those who have recently advocated that research 
and teaching should be separated, and certainly not 
with those who think that teaching is a function for men 
of spent powers or of moderate ability. Rather I think 
that research and teaching should go hand in hand, and 
that in every subject, and not only in technology, 
research to determine what should properly be taught, 
is a vital activity upon which the stability of a complex 
civilisation ultimately depends.” 


Physical Society Exhibition 
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Proportional Counter for Micro-Analyser 


The proportional counter shown by Cambridge Instru- 
ment Co., Ltd., for use with the Microscan X-ray analyser 
is used for detecting the hard radiations from elements 
with the higher atomic numbers within the range of the 
Microscan and is interchangeable with a flow counter for 
soft radiations. It consists of a cylindrical gas-filled 
ionisation chamber with a central wire electrode 0-002 in. 
in diameter positioned along its axis and fixed to each 
end by an insulating glass-to-metal seal. X-rays enter 
the side of the cylinder through a beryllium window 
0-005 in. thick and cause ionisation of the gas. If the 
electrode is at a suitable potential with respect to the 
cylinder, this ionisation is discharged and the electrons, 
diffusing to the central electrode, cause multiplication 
and produce a pulse. At a given potential the magnitude 
of this depends on the number of electrons (i.e. the 
number of ion pairs) formed by the X-ray quantum, and 
is therefore a measure of the quantum’s energy or 
wavelength. Varying the potential of the wire electrode 
controls the multiplication and hence the pulse height. 

The inside diameter of the counter is | in. and to make 
it function efficiently at the shorter wavelengths, the 
proportion of X-ray quanta absorbed in collision with the 
gas molecules over this distance must be high. For this 
reason a heavy gas is needed and xenon is used with a 
small amount of added ethyl formate to stabilise the 
gas multiplication. The gas mixture is introduced to the 
cylinder through one of the glass-to-metal seals before 
the counter is finally sealed. Airtight caps fitted with 
O-ring seals are screwed over each glass-to-metal seal to 
maintain atmospheric pressure around the ends of the 
wire electrode and to prevent corona discharge. 

The counter works within the range 1,000—2,000 V. 

Radiant Zone Heater 


Somewhat unorthodox heating techniques appear to 
be the province of Electrothermal Engineering, Ltd., 
ranging from flexible furnaces for heating unusually 
shaped structures to the small radiant zone heater shown 
at the Physical Society Exhibition. In this type of 
equipment, highly concentrated heating is obtained by 
focusing the heat sources optically upon the section or 
object to be heated. As the heat is transferred by 
radiation there is no danger of contamination, and the 
heating element being remote allows the unit to be 
placed over evacuated tubes. 


This type of heater has so far been applied to vacuum 
zone refining, to soldering, to sintering of alloys, and to 
sample heating during physical examination by magnetic, 
microscopic and X-ray diffraction techniques. Tempera- 
tures in excess of 1,200° C. have been obtained on the 
inside of a } in. diameter crucible in air. 


Davy-United Instruments for Russia 


SpeciaL nucleonic instruments, developed in Britain, 
will soon be helping the spread of automation in Russia’s 
steel industry. Davy and United Instruments, Ltd., of 
Sheffield, announce that they have signed a contract 
with Stankoimport of Moscow, for the supply of eight 
transmission gamma ray thickness gauges to be installed 
in Russian steel mills. These gauges use a radioactive 
isotope as the measuring medium and are capable of 
continuous measurement to extremely fine limits of 
accuracy, on anything from white-hot steel plate to cold 
strip, without touching the material being rolled. 

One of the gauges will be used for measuring hot steel 
plate between 3-75 mm. and 50mm. thick. Another 
will be used on a hot strip mill for measuring hot rolled 
strip between 1-5 mm. and 12-5 mm. thick. The remain- 
ing six gauges will all be installed on cold strip mills to 
measure strip between 1-5 mm. and 12-5 mm. thick. 

The value of the contract exceeds £90,000 ; it has been 
negotiated through the Trade Delegation of the U.S.S.R. 
in the United Kingdom, and delivery will take place 
during the first quarter of 1962. As is customary with 
Davy-United radiation instruments of this type, the 
radioactive source and detection device will be supplied 
by Isotope Developments, Ltd., of Reading. 

Davy and United Instruments, Ltd., a member of the 
Davy-Ashmore group, specialise in automatic instrumen- 
tation for steelworks processing, and their gaugemeter 
system of automatic gauge control, which has already 
been installed in strip mills in several countries overseas, 
has been on show to the Russians on the stand of the 
British Iron and Steel Federation at the Moscow Fair. 


Tue office of the Lead Development Association, is now 
at 34 Berkeley Square, London, W.1. Telephone : 
GROsvenor 8422; Telegraphic Address: Leadevep, 
Wesdo, London. 
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polishing rere. , cloths and powders are available for use 
with the equipment. 


MET AELURGIA, June, 1961 


METALLURGICAL 
MOUNTING AND 


FINISHING 
EQUIPMENT 


w 


Y Y 
| Z Apex have for many years designed and manufactured a 
Z Z wide range of metallurgical equipment which is in 
Y % use throughout the world. A typical press with accessor- 
Z % ies such as mould outfits, heaters and coolers is illustrated 
yj Z to the left. 
] 
Z 
Z 
yoo 
Y Y 
| 
Z 
G Y 
Z | 
Y Z 
Y Y 
Y 
Z Z 
Z Z 
] 
The Apex “MULTIHEAD” Metallographic Polisher Z Y 
Bri designed for the simultaneous polishing of a number Y Yj 
of specimens. Y Y 
Suitable for 12 specimens of up to 14” diameter. Y Y 
Faster uniform polishing. Y Y 
Eliminates individual differences in polishing technique. Y Y 
Provided with all necessary accessories and Y % 
accommodation. Y Y 
Pleasing and practical in appearance. Y Y 
Self-contained. % Y 
Supplied with full accessories. Y Y 
OTHER EQUIPMENT AVAILABLE Y Yj 
@ 5, 10 and 20 ton mounting presses with suitably Y) Y 
outfits, heaters, coolers and tempera- Z 
ca Bench, hand and belt grinders for both wet and dry Y Y 
and hand polishers. Z 
3 engravers, dessicator cabinets and cabi 
mounting press, the M.200 ‘* RAPID- 
@ “Aquacut”’ immersed cutting off machines. Z Y 
A very wide range of mounting medias, grinding wheel, 
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RECIRCULATION 
STOVES 


Gas fired heat treatment furnaces that 
provide fuel economy with high efficiency 
and complete reliability. 


The illustration shows a stress relieving 
furnace at Messrs. David Brown Industries 
Ltd., used for heat treating their famous 
Radicon gear boxes. 


For all your heat treatment problems 


contact the manufacturers. 
—choose ‘‘NEWSTAD”’ for reliable service % 


MODERN FURNACES 
and STOVES LIMITED 


BOOTH STREET, BIRMINGHAM 21. phone : SMEthwick 1591-2 grams: Mofustolim, B’ham 21 


write: 


Wild-Barfield muffles 


These small self-contained vertical 


crucible muffles are ideally suited 


for many purposes in the average 


laboratory or research department. 


Chamber size and maximum temp- 


erature alone dictating the limits 
of their usefulness. Standard 


models have a maximum operating 
temperature of 1050°C (1922°F), 
and are complete with energy 
regulator type hand temperature 


controller and pilot lights. 


all heat-treatment purposes 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Tel: Watford 26091 (9 lines) Grams: Elecfurn, Watford. 
WEBiov 
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In such a critical operation as 

quenching, individual skill and 

experience must be matched by oil 

media with a proven record of low 

seh “aks. volatility and high flash points. 

? bes These attributes are found in 

ALMARINE and TUDOR 

quenching oils which are offered in 
grades suitable for continuous, batch 


consistently 
accurate 
quenching 


tank and oil press quenching from 


ad cyanide, pack or gas carburising. 


about QUENCHING OILS 


FLETCHER MILLER LTD., ALMA MILLS, HYDE, CHESHIRE. 
Telephone: HYDE 3471! (5 Lines) Telegrams : EMULSION, HYDE 
Also at LONDON, WEST BROMWICH, NEWCASTLE-ON-TYNE, CARDIFF, GLASGOW AND BELFAST 


Qo! 


2 
i IN MARINE ENGINEERING 


For the rapidly expanding world of marine electrics Ly .o—. 
Bolton’s manufacture commutator bars and segments in h.c. Th: 

copper and “combarloy” (a silver-bearing copper); extruded 
and drawn sections; annealed strip 
for alternator windings ; busbars; 
bars and rods. 


21 TONS 


OF BOLTON’S H.C. COPPER 
used on main rator 
and feeder switchboard 
in s.s. “Oriana’”’ 


s.s. “ Oriana”, yy tons gross, the latest 
addition to the P & O—Orient Lines fleet 
built by Vickers-Armstrongs( Shipbuilders) Lid. 


The photograph on the right shows the rear view of the feeder 
section of the main switchboard, 69’ in length, manufactured by 
Whipp & Bourne Ltd. For this section and also the generator 
section, Bolton’s supplied 21 tons of h.c. copper. 


Photograph by kind permission of Vickers-Armstrongs (Shipbuilders) Lid. 


THOMAS BOLTON & SONS LTD 


Head Office: Mersey Copper Works, Widnes, Lancs. 
London Office & Export Sales Department: 
168 Regent Street, London W.! 


ae j 
a 
ask 
K 
¢ 
: 


you need a FRANKLIN-DINE OIL BURNER to achieve immediate economy in 
oil fuel. Whatever the consumption, from }th to 150 gallon per hour 
there is a FRANKLIN-DINE OIL BURNER to give 
increased oil economy at lower maintenance cost 
Write to-day for full particulars 


for all furnaces 


Manufacturers of 
INDUSTRIAL FURNACES AND O/L BURNING EQUIPMENT 
FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD. 
BAKER STREET, SPARKHILL. BIRMINGHAM, 
Phone: ViCtoria 2579 


ATTACHMENT CAMERA 
for 


PHOTOMICROGRAPHY 


FOR ALLOYS 


SILICON e MANGANESE e ALUMINIUM 


| NICKEL e NICKEL ALUMINIUM e BORON 


| TITANIUM e CHROMIUM e RUTILE e COPPER 


Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. 


| Their Technical Advisory service is unique, 
R. & J. BECK LTD and your enquiries on your particular problems 
are invited. Get in touch today with :— 

69/71 MORTIMER ST ~- LONDON W.1 


Pre-eminent for more than a century BLACKWELLS METALLURGICAL WORKS LTD. 


Thermetal House, Garston, Liverpool 
"Phone Garston 5981/3 "Grams: Blackwell,"’ Liverpool 
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you don’t need a piggy-bank to save! ae 

4% 4 
.@) 
35 mm. or plates 

| 

* Quality 


A very important new edition of a vital book... ! 


MODERN 
FURNACE TECHNOLOGY 


By the American authors 
H. ETHERINGTON, B.Sc., A.R.S.M., and G. ETHERINGTON, B.Sc., M.B.A., J.D. 


This standard book has been extensively revised and brought up to date by the distinguished authors 

furnace engineers with an exceptional experience of the design of thermal plant in widely varying appli- 
cations. The main purpose of the treatise—which is to explain the scientific principles underlying the 
design, construction and operation of furnaces—is now even more effectively achieved. For all concerned 
with metallurgical and other processing furnaces, including gas-producer plant, this book supplies the 
essential background of simple mathematics and of engineering principles. Furthermore, it contains a 
vast amount of practical information on furnace-building, everyday operation and efficient maintenance. 


TYPES OF FURNACES : Stresses the value of furnace calculations, classifies furnaces according to purpose, design and 
chemical principles involved, describes some typical industrial furnaces. COMBUSTION : AVAILABLE HEAT : 
Examines the various requirements necessary for satisfactory combustion of industrial fuels, and the transference of the 
maximum quantity of heat within the furnace. PROCESS BALANCE SHEETS: Typical “ material balance and 
* heat balance ” sheets are worked out ; these are important as showing where losses of material or of heat occur, and as 
indicating control measures necessary. GAS FLOW : Discusses volumetric gas laws, streamline, and turbulent flow, 
friction, buoyancy, draught, leakage, and pressure calculations. PRINCIPLES OF HEAT TRANSFER : Describes 
practical methods for the quantitative evaluation of the four types of heat transfer that occur in furnaces —including gas 
radiation. PRACTICAL SOLUTION OF HEAT TRANSFER PROBLEMS : Simplified practical solutions are 
given which cover most of the common heat flow problems met with in furnace operation. HEAT EXCHANGERS : 
Is concerned with the methods adopted to utilise “* waste ” heat for preheating the air used for combustion. REFRACTORY 
MATERIALS : Deals with the physical properties of all commonly used refractories (and of others less common), 
mentioning their influence on combustion and suitability for particular processes. PHYSICO-CHEMICAL CON. 
SIDERATIONS : Outlines the applications of physico-chemical theory which are of direct interest to the production 
man and to research and laboratory metallurgists. 


A magnificent book of 570 pages, 6 in. « 9 in. With 85 text illustrations, 
6 plates, and numerous tables. Bound in a new “‘ wear-and-weatherproof ”’ 
leather-fi 


nish. Price 120s. net. Postage 2s. Abroad 2s. éd. 
CHARLES GRIFFIN & COMPANY LTD 42 DRURY LANE LONDON WC2 


LONDON 


A.R.B., D.G.1., APPROVED 


BRIGHT ANNEALING BRIGHT HARDENING 
| Steel & Copper Pressings, Bolts, Bolts, Springs, and also 
| Strip and large components up to 4ft. _ large components up to 3ft. 
| CASE HARDENING e LIGHT ALLOYS 


and COMPANY LIMITED Selected controlled atmospheres for all purposes 


up to 4ft. 6in. 
| Gas Carburizing, Carbo-nitriding, Solution and Precipitation 
High Frequency, 1OkVA up to 10ft. 
HIGH-GRADE STEEL MAKERS 
Bull Lane, WEST BROMWICH, Staffs. 


HIGH SPEED STEELS Telephone No. Wes. 0584 - 0756. 


LABORATORY SUPERVISION @ LOCAL DELIVERIES 
ELECTRO HEAT TREATMENTS LTD., 


FOR ALL TYPES OF 


HEAT TREATMENT 


CONSULT 


punroses 


“HELVE” { Poniches, 


| 
sé 


(A.LD., Min. of Supply and other Gove. Depts.) 


THE HARDENITE STEEL COMPANY LIMITED LONDON, S.W.I9 
Telephone Telegrams Phone: CHErryweed 2291/2 
SHEFFIELD 22131 SHAFTING, SHEFFIELD, 4 Gant 
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ABBEY HEAT TREATMENTS LTD. 


PLAZA WORKS, MERTON HIGH STREET 


| 
| 
> 
| 
: 
HA 
Ree ATTERCLIFFE ROAD, SHEFFIELD, | 
Expert Deperement 


SINTERING and BRAZING 
FURNACES LTD 


Head Office: 1242-130 EDINBURGH AVENUE, TRADING 
ESTATE, SLOUGH, BUCKS. Tel : SLOUGH 21143 & 24746 


Telegraphic address : SINTBRAZ SLOUGH 


@ ILLUSTRATION SHOWS A THREE ZONE 4” TUBULAR 
POWDER REDUCTION FURNACE WITH AUTOMATIC ENTRY AND 
EXIT DOOR GAS FLUSHING VALVES AND AUTOMATIC TEMPERATURE 
CONTROL EQUIPMENT. TEMPERATURE RANGE 1000°C. USING LOW VOLTAGE HEAVY DUTY ELEMENT WINDINGS. 


Works: 183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 


MECHANICAL WORLD YEAR BOOK 
for 1961 


Whilst the use of standard measuring instruments and gauges remains common practice in production engineering, impor- 
tant advances have been made in recent years and the time seems opportune for putting the now numerous methods into 
a reference framework, as it were, so that their scope and relationship may be readily appreciated. Accordingly in this 
edition of the MECHANICAL WORLD YEAR BOOK we present a series of tables and notes summarising under specific 
headings the available methods for direct and comparative measurement. 


360 pages ILLUSTRATED 5/- NET (by post 5/9) 


BRIEF OUTLINE OF CONTENTS 


PRECISION MEASUREMENT Boiler Mountings, Fisting, and Instruments . Logarithms . 
Press Work . Trigonometrical ratios . 

The Use of Cold-formed Sections in Coenen Design Toothed Gearing Decimal Equivalents of £1! d 

+} The Design of Gas Turbine Plants . Production of Gears Metric and British Conversion Tables ‘ E 

Engineering Materials British Weights and Measures . 

Ferrous Alloys TABLES Equivalents of and Metric Weights and 
Non-Ferrous Alloys . . . . . Measures . 
Bearing Metals Steam and Hydraulic Equivalents 
Heat Treatment . Pipes and Tubes . Displacement Table . 


Hardness Testing Standard Gauges Pressure and Head of Water ‘ 1 

The Light Alloys Screw Threads . Weight and Specific Gravity of Miscellaneous Solids a 
Die-casting . Cutting Speeds and Feeds Broken Coal in Bulk . Sg 
Plastics . Tapers Brassfounders’ Metal Mixtures. 
A Review of Progress in the Steam Cycle and the Tolerances and Fits Babbict Metal 


Performance of Steam Turbine Plants. 
Metal Finishing . 
Horse-power per 100 ft. of Horizontal Conveyor 
Lubricating Oils . 
Machine Tools . 
Pumps : Their Choice ond Driving 
Steam Boilers 


-ropes, Ropes, Belts and Keys 
Strength and Properties of Plates, Bars, Sections, etc. 
Physical Properties of Materials 
Weight Calculating Tables 
Decimal Equivalents . 
Radius (Corner) Area 
Price Equivalents 


Selected British Standards relating to Mechanical 
Engineering . 

Calendar for 196! 4 

Export Credit Guarantee Dept. 

Classified Buyers’ 

index to Tables . > 

General Index 


Copies may be ordered now through any bookseller or direct from the Publishers, 
EMMOTT & CO. LTD., 3! King Street West, Manchester 3 ; and 158 Temple Chambers, Temple Avenue, London, E.C.4 
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the protection 


BLACKHEART MALLEABLE IRON CASTINGS 


IF YOU WOULD LIKE A COPY OF OUR BOOKLET “MALLEABLE IRON’ PLEASE DROP US A P.C. 


HALE. YALE titres pont stots enciano 


CRAMS: "“HALEFO”" TIPTON PHONES: TIPTON 1671/5 


Of Ferrous 
‘metals against 


PROCESS » “ifation 


A few applications of the Calorizing Process 


CASE-HARDENING BOXES AND POTS - ANNEALING BOXES AND POTS 
SALT BATH POTS - CYANIDE BATH POTS - LEAD BATH POTS 
MOLTEN METAL CONTAINERS - PYROMETER PROTECTION SHEATHS 
RECUPERATOR AND AIR HEATER TUBES - FURNACE MUFFLES 
SUPERHEATER SUPPORTS - SOOT BLOWER ELEMENTS 

KILN PIPES AND CAPS - FURNACE DAMPERS 

LADLES FOR METAL POURING 

NITRATE OF SODA BATHS - RETORTS 

TUBES FOR WIRE ANNEALING FURNACES 

FURNACE HEARTH PLATES - FURNACE COMPONENTS 


Write for publication No. 1301/1 


THE CALORIZING CORPORATION OF GREAT BRITAIN LTD. 
LYNTON HOUSE, 7/12 TAVISTOCK SQUARE, LONDON, W.C.1. Tel: EUSton 4321 
Works : Renfrew & Dumbarton 
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Write for illustrated particulars : 


Shaker Hearth Furnaces 


for continuous heat treatment of small components 
including nuts, bolts, springs, washers, rivets etc. 


MADE IN 4 STANDARD CAPACITIES 


from 120 lb./hr to 450 Ib./hr. 
LOW CAPITAL COST. 
LOW OUTPUT COST. 
EASY MAINTENANCE. 


The Furnace Construction Co. Limited, Western Way, Wednesbury, Staffs. 


TEL: WEDNESBURY 1701/1702 


MECHANICAL WORLD 


FLOWSHEETS 


OF INDUSTRIAL PROCESSES 


252 Flowsheets are now available printed on strong paper and issued in folders in sets of twelve as listed below. They are 
invaluable for getting a quick grasp of the plant, processes and methods and industry employs, and as a basis for planning 


innumerable activities. 


Each series of twelve Flowsheets 6/- post free. Single copies | /- each, post free. 


Series 7 

73. Dry Battery Manufacture ; 74. Con- 
tinuous Stee! Strip Manufacture (1); 75. 
Continuous Steel Strip Manufacture (ll) ; 
76. Cotton Manufacture (I) ; 77. Cotton 
Manufacture (il); 78. Refractory Materi- 
als; 79. Flax Preparation and Linen 
Manufacture (1) ; 80. Flax Preparation and 
Linen Manufacture (ll); 81. Rayon Manu- 
facture (1) ; 82. Rayon Manufacture (i!) ; 83. 
Cellulose Acetate Silk; 84. Staple Fibre and 
Staple Fibre Yarn Manufacture. 


Series 8 

85. Tungsten Production ; 86. Hot and Cold 
Galvanising ; 87. Sherardising Process ; 88. 
Woollen (1); 89. Woollen 
Manufacture (Il); 90. Alloy Steels Manu- 
facture ; 91. Rubber Manufacture ; 92. Nitric 
Acid Manufacture ; 93. Ferrous Foundry 
Sand Treatment and Processing ; 94. Photo- 
graphic Dry-plate Manufacture ; 95. Plaster 
Wall Board Manufacture ; 96. Alkali Manu- 
facture, Soda-Ash, Caustic Soda, etc., 
Ammonia-Soda Process. 
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Series 9 
97. Carbon Electrode Manufacture; 98. 
Hot Tinning Iron and Steel Articles ; 99. 
Electro-Plating ; 100. Alkali Manufacture, 
Caustic Soda and By-products ; Electrolytic 
Process ; 101. Cellulose Film Manufacture ; 
102. Worsted Manufacture (I) ; 103. Worsted 
Manufacture (Il) ; 104. Gramophone Record 
Manufacture ; 105. Pigments and Paint 
Manufacture 106.Pigments and Paint 
Manufacture (Il) ; 107. Hot Tinning Copper 
and Copper Alloys ; 108. Calcium Carbide 
Manufacturing and Acetylene. 

Series 10 


ries 
109. Synthetic Rubber; 1/10. Metal 
Spraying ; 111. Molybdenum Ore Dressing ; 


112. Industrial Alcohol Manufacture ; 113. 
Sheet and Strip Manufacture ; 115 Celluloid 
Manufacture ; 116. Wood Cellulose Manu- 
facture (Sulphite Pulp) ; Wood Charcoal 
and Distillation Products; 118. Cotton 
Cellulose Manufacture; 119. Asbestos 
(Extraction and Preparation); Bone 
Manure Manufacture, Bone Dust and Bone 
Superphosphate. 


Obtainable now from: 


EMMOTT & CO. LTD., 3! King Street West, Manchester 3 and 158 Temple Chambers, Temple Avenue, London E.C.4 


Series 

121. Glycerine Manufacture ; 122 
Hydrogenation of Oils into Edible Fats ; 
123. Crude Petroleum Distillation ; 124. Coal 
Briquetting ; 125. Manufacture of Magnesia 
(Sea Water Process); 127. Magnesium 
Manufacture (Electrolytic Process); 128. 
Briquetting Steel and Non-Ferrous Swarf ; 
129. Oxygen and Hydrogen Production ; 
130. Oil Varnish Manufacture ; 131. Linseed 
Oil Manufacture ; 132 Animal Feedingstuffs 
Manufacture. 


Series 12 


133. Diamond Die Manufacture; 134. 
Plywood Manufacture ; 135. Aerated Bever- 
age Manufacture ; 136. Felt Hat Manufacture ; 
137. Shellac Manufacture ; 138. Synthetic 
Sapphire Bearing Manufacture ; 139. Crude 
Lactose and Whey Powder Manufacture ; 
140. Abrasive and Grinding Wheel Manu- 
facture ; 141. Reclaimed Rubber Manufacture 
(Alkali Process) ; 142. Continuous Filament 
Glass Yarn Manufacture ; 143. Dehydration 
of Meat ; 144. Dehydration of Vegetables. 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT 
Classified Advertisements are inserted at the rate of 4/- per line 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 


Billingham Division 


have vacancies for 


METALLURGISTS 


for development work on new materials of construction and for 
investigation work on plant problems. Publication of work of a 
general nature is encouraged. 


Candidates should have a good honours degree in metal- 
lurgy and should not be more than 28 years of age. Those 
proceeding to honours degrees this year are invited to apply. 


The appointments are pensionable and carry attractive 
salaries. There is a profit sharing scheme and assistance can 
be given towards house purchase and removal expenses for 
married men. 


Write, giving brief details of age, qualifications and experience, 
quoting reference S/J. 6 to :— 
The Staff Manager, 
Imperial Chemical Industries Limited, 
Billingham Division, P.O. Box No. 1, 


Billingham, Co. Durham. 


WHESSOE LIMITED 
DARLINGTON 


require 


QUALIFIED METALLURGIST 


for the Welding Department of the Research and Development Division. 
This post will provide an opportunity for interesting work associated with 
welded fabrications, materials and weld testing, and the development of weld- 
ing techniques and equipment. Applicants should have a degree or equivalent 
professional qualifications, together with experience in non-ferrous and 
knowledge of ferrous materials. Ref.: 27/61 


WELDING ENGINEER 


for the Heavy Equipment Division. Applicants should be over 25, with at 
least HNC, and must have experience in weld design in ferrous and non- 
ferrous materials, and a basic knowledge of the associated welding problems. 
They must be familiar with modern welding techniques and be able to advise 
upon and co-ordinate the work of research, design, and production teams. 
Ref.: 29/61. 
The location of both these jobs is Darlington, which is a pleasant town 
surrounded by most attractive countryside. 
Send detailed applications to The Staff Officer, Whessoe Limited 
Darlington, quoting the reference and mentioning this paper. ’ 
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| SITUATIONS VACANT | continued 


GLACIER METAL CO. LTD. 
KIRKSTYLE, KILMARNOCK, AYRSHIRE 
| invite applications for the position of 


PROCESS METALLURGIST 


The successful candidate will carry out 
investigations into the operating condi- 
tions of certain processes associated with 
the production of sintered materials. The 
desire is to establish control procedures 
aimed at achieving an optimum balance 
between high technical standards and 
general economic efficiency. 

Although his work, which is mainly con- 
cerned with powder plants, sintering fur- 
naces, rolling mills, and ancillary equip- 
ment, lies in a production department, 
technical services and similar facilities will 
be available to him. 

Applicants should be 22-35 years of age 


| and have experience of industrial research, 


quality control or direct production ex- 
perience in relevant fields, extending over 
@ minimum period of 2 years. 

A good H.N.C. in metallurgy would be 
the minimum acceptable technical quali- 
fication. 

A starting salary in the range £14-£18 
per week is envisaged but a higher initial 
salary might be offered to a candidate 
with exceptional qualifications and 
experience. 

Brief details of age, qualifications, 
experience and present salary should be 
sent to Personnel Dept., quoting Ref. No. 
3/MU /5/47/. 

ENGELHARD INDUSTRIES LTD. 
have an attractive opening for a young 
METALLOGRAPHER 


with considerable initiative and an 
aptitude for experimental work. The 
successful candidate would have ample 
scope to develop new techniques and 
would be expected to take charge of a 
newly equipped section in the company's 
metallurgical laboratories situated at 
Chessington. 

There is also a vavancy for an assistant 


| interested in development work on the 


precious metals and the solving of works’ 
problems under the direction of the 


| project metallurgist. 


Applicants for the first post must have 
H.N.C. or equivalent, and it would also be 
desirable for the second position. 

They should be in their early or mid- 
twenties. A competitive salary would be 


| paid according to experience and quali- 
| fications. 


Please write to: The Personne! Officer, 
Engelhard Industries, Ltd., 154-170, 
Vauxhall Street, London, S.E.11. 


SENIOR METALLURGIST 
A vacancy exists for a Senior Metallur- 


| gist, aged between 25 and 35, qualified to 


A.I.M. level and possessing the appro- 
priate industrial experience. 

The successful applicant will be required 
to work on production problems involving 
a wide range of ferrous and non-ferrous 
materials as used in the telecommunica- 
tions industry. A knowledge of heat 
treatments and fabrication methods is 
essential and some experience in resistance 
welding desirable. 

Write in confidence to the Personnel 
Manager, 
STANDARD TELEPHONES AND 
CABLES LIMITED 
Oakleigh Road, New Southgate, N.11 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT—continued 


Chelmsford 


is required for their investigation. 


ENGLISH ELECTRIC VALVE CO. LTD. 


METALLURGIST 


The company specialises in the manufacture of transmitter valves and 
tubes for radio, radar television and industrial electronics. 


Many problems arise in non-ferrous metallurgy in the processes and materials 
used in these valves and tubes, and a qualified and experienced metallurgist 


Age range 30-40, an Honours degree in metallurgy, non-ferrous metallurgy 
and vacuum technique experience, are the principa) qualifications required. 


We should also be pleased to hear from any applicant whose experience has 
been mainly in non-ferrous metallurgy in the valve industry but who does not 
necessarily have all the qualifications listed. 


Applications should be submitted to : 
Electric House, Strand, London, W.C.2, quoting Ref. 1514L. 


Group Personnel Services, English 


laboratories at Egham, Surrey. 


of the company. 


combustion. 


FUELS CHEMIST 


FOSTER WHEELER, LTD., invite applications from senior Fuels Chemists, 
of degree or equivalent standard, for the establishment of a fuels section in our 


The section will be engaged on the full analysis and evaluation of both solid 
and liquid fuels in support of the power station and marine boiler programmes 
Work on the characteristics of pulverized coal will be of 
particular importance and the section will also be responsible for ash and 
combustion deposit evaluations, and for consultation on general problems of 


It will be the responsibility of the successful applicant to establish the 
facilities necessary for carrying out these commitments, and some previous 
experience of fuel-testing techniques is therefore essential. 

A good salary, commensurate with the responsibility involved, will be paid 
and the company also operates a pension and bonus scheme. 

Please write fully, quoting Ref. 15/AB, to: 

The Office Manager, 
FOSTER WHEELER, LTD., 
Foster Wheeler House, Chapel Street, London, N.W.1. 


ASSISTA NT METALLURGIST of degree 
A.1.M. standard with a sound 
practical knowledge of metallography 
required for general metallurgical labora- 
tory concerned with a wide range of 
materials and processes used in the manu- 
facture of aircraft fuel systems. Appli- 
eants should have previous experience in 
the investigation of failures which will 
form a large part of the work and should 
be able to work on own initiative. 
Please apply in writing to the Personne! 
Manager, Joseph Lucas, Ltd., Shaftmoor 
Lane, Hall Green, Birmingham, 28. 


ASSISTANT 
ANALYTICAL CHEMIST 


REQUIRED for laboratory engaged in 
metallurgical and inorganic analysis. 
Applicants should be of O.N.C. or similar 
standard. A knowledge of mineral or slag 
analysis would be an advantage. 
Applications should be addressed to: 
Chief Metallurgist, 
LINCOLN ELECTRIC CO., LTD.. 
Welwyn Garden City, Hertfordshire. 


please mention 
Metallurgia 
when replying to 


advertisements 
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SITUATIONS VACANT. continued 


METALLU RGISTS 
required by the 
UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, 
PRODUCTION GROUP, 
SPRINGFLELDS WORKS, 
SALWICK, PRESTON, LANCASHIRE 
POST A in the CHEMICAL AND 
METALLURGICAL SERVICES 
DEPARTMENT, involves work in the 
metallographic laboratories providing a 
service to a works producing fuel 
elements for nuclear reactors. Duties 
will involve examination and investiga- 
tion connected with production of 
elements and plant constructional 
materials, and will include develop- 
ment of metallographic examination 
techniques. A wide range of modern 
equipment has recently been installed 
in the laboratories. 

Experience in a 

laboratory is desirable, and some 
practical knowledge of magnesium 
alloys and the newer metals, although 
not essential, would be an advantage. 
(Ref. SF.86/) 
POST B in the TECHNICAL 
DEPARTMENT (METALLURGICAL 
SECTION), will involve technical 
control of fuel element manufacturing, 
for which knowledge of modern 
vacuum melting and casting tech- 
niques, heat treatment and welding 
of the newer metals, would be an 
advantage. (Ref. SF.83/). 

An honours degree in Metallurgy, or 
Associateship of the Institution of 
Metallurgists, is essential for both 
appomtments. 

Salary for both posts: £1,005 (at 
£1,550 (at age 34 or over)- 


metallographic 


£1,535. 

Contributory Superannuation. Hous- 
ing Assistance Schemes. 

Send postcard for application form, 


quoting 
Works 
Closing date 


appropriate reference. to 
Secretary at above address, 
30th June, 1961. 


WHESSOE LIMITED 
RESEARCH AND DEVELOPMENT 
DIVISION 
invite applications from Qualified Metal- 
lurgists for a vacancy in the Welding 
Department. The post provides an 
opportunity for interesting work associ- 
ated with welded fabrications, materials 
and weld testing, and the development of 

welding techniques and equipment. 

Applicants should have a degree or 
equivalent professional qualifications, to- 
gether with experience in non-ferrous and 
knowledge of ferrous materials. 

The location is in Darlington, which is a 
pleasant town surrounded by a most 
attractive countryside. 

Apply to the Staff Officer, Whessoe, 
Ltd., Darlington, quoting reference 27/61, 
and mentioning this paper. 


THE MANCHESTER COLLEGE 
AND TECHNOLOGY 
(Faculty of Technology in thc University 
of Manchester) 
Appointment of 
LECTURER IN METALLURGY 

Applications are invited for the post of 
Lecturer in Metallurgy with the title and 
status of Lecturer in the University of 
Manchester. Salary according to quali- 
fications in the scale £1,050 to £1,850. 
Superannuation under the  F.S.S.U. 
Family allowances. Candidates must be 
prepared to undertake or supervise 
research, for which there are excellent 
facilities. 

Conditions of appointment and applica- 
tion form may be obtained from the 
Registrar, The Manchester College of 
Science and Technology, Manchester, 1, 
to whom applications must be returned 
by Saturday, 24th June, 1961. 
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SITUATIONS VACANT continued 


FURNACE DRAUGHTSMAN 

A vacancy exists for a Draughtsman 
with experience of gas, oil and electric 
furnaces, to work in the drawing office of 
our works at Bletchley, Bucks. The 
company is small but progressive, and the 
successful applicant must be prepared to 
tackle a wide variety of drawing office 
tasks. Salary will depend upon age and 
experience. The company operates pen- 
sion and profit-sharing schemes. Promo- 
tion prospects are excellent. Housing is 
available to anyone now living in London. 

Please apply giving full details to the 
Secretary, Kasenit, Ltd., 7, Holyrood 
Street, S.E.1. 


RESEARCH ASSISTANT for metallo- 

graphic laboratory required. Know- 
ledge of special techniques, particularly 
electron microscopy, an advantage. Salary 
according to qualification and experience. 
Write: Research Supt., British Non- 
Ferrous Metals Research Association, 
Euston Street, London, N.W.1. 


SITUATIONS WANTED 
METALLURGIST. L.I.M. Age 33. 


Extensive experience in arc melting, 
drop forging and electrodeposition, seeks 
position in area Doncaster, Scunthorpe, 
Lincoln. Box No. MH.111, 
31, King Street West, Manchester, 3. 


Cuprous oxide particles in Copper, x 400. Electrolytically polished with Ellopol apparatus 


BY METALLURGICAL SERVICES 


METALLURGIA, June, 1961 


— 


M.P.A. FOR SALE 


PLANT FOR SALE. A complete high 

frequency melting plant, of 2 only 10 
ewt. furnace bodies, 150 kVA. Apply 
Box No. MH110, Meractiurera, 31, King 
Street West, Manchester, 3. 


M.P.A. FOR SALE 


OR Sale one Holophot Metallurgical 

Microscope by Watsons of London, 
“ate of manufacture approximately 
1945, reconditioned by makers, May 1961. 

The equipment includes: Microscope 
with three objectives, two pairs of eye- 
pieces, one macro lens, }-plate camera and 
illuminating system. Maker's valuation 
£200. Enquiries to Box MH.112, 
* Metallurgia,” 31 King Street West, 
Manchester 3. 


METALLOGRAPHIC 
MOUNTING MEDIUM 


N-#-P. Mounting Plastic, a cold-curing 

acrylic resin, permits the rapid mount- 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu- 
facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, LTD., 
MANLEY COURT, LONDON, N.16. 


UGRAPHY 


ANNOTATED METALLOGRAPHIC SPECIMENS 
(Wide range of micro specimens with full descriptive notes) 


THE ELLOPOL ELECTROLYTIC POLISHER 
(P. A. Jacquet Method) 


NACHET MICROSCOPES 


SPECIMEN PREPARATION AND POLISHING 
EQUIPMENT 

DIAPLASTOL DIAMOND COMPOUND 

* DURMAX AND LINDE ALUMINA 

+ METRON POLISHING CLOTHS 


END QUENCH UNIT 


CLASSIFIED ADVERTISEMENTS 


MISCELLANEOUS 


Applications for the exploitation of 
Hofrat En Nahas Copper Mine are 
invited by the Sudan Government. 
The explored area proved to contain 
more than 10 million tons of ore 
with average copper content of 
2-78. More details can be obtained 
from the Sudan Embassy, 3, Cleve 
land Row, London, 8.W.1. 


METALLURGIA 


REPLYING TO ADVERTISEMENTS 


HEAT TREATMENT 


CONSULT 
J. M. HARGREAVE & Co. LTD. 


CENTRAL AVENUE, WEST MOLESEY, 
SURREY. 


MOLESEY 2216. 


HARDNESS TESTING MACHINES 


Write for details to 
METALLURGICAL 
SERVICES 


Proprietors: Planned Products (Metallurgy) Ltd. 


RELIANT WORKS 
BETCHWORTH-SURREY-ENGLAND 


BETCHWORTH 2364 
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KING "TESTER CORP. 
PHILADELPHIA U.S.A. 


In any position 
anywhere 
the King Portable is 
Always Accurate 
FREE 
demonstration at your works 
on request 


FOUNDRY SUPPLIERS LTD., 25A, COCKSPUR STREET, LONDON, S.W.1. — phone: TRA m4 
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60 METALLURGIA, June, 1961 


KING PORTABLE BRINELL HARDNESS TESTER FOR LOADS UP Y * 
= 4, 
4 


ILFORD ESSEX 


LIMITED 


ILFORD 


For radiographing assemblies, 


castings and welded seams 


ILFORD 


ILFORD Industrial ““B” X-ray film is a general purpose 

film suitable for the non-destructive examination of encased 
assemblies, as well as for light alloy castings, steel castings 

and seams in pressure vessels. 

Its characteristics are high speed with fine grain, providing 
excellent definition with high contrast. ILFORD Industrial “B” 
film gives the best results when it is developed in ILFORD 
Phenisol high-energy concentrated liquid developer. It is suited 
to radiography with X-rays or gamma rays. 


INDUSTRIAL “B” X-RAY FILM 
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Advanced techniques 
and reliable service 
have established for 
Smethwick Drop Forgings 


a fine reputation 


The 


SMETHWICK DROP FORGINGS LTD - SMETHWICK & KIDDERMINSTER 
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